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I. rxTKonrrTiox 

It has been known from times immemorial tliat certain fishes respond 
positively to artificial light and aggi'cgate within illuminated zones. This 
])ecnliar behavior of fish has long lieen extensively exploited liy fishermen. 
Torclies and bonfires (still in use in some areas) were the fir.st sources of arti¬ 
ficial light for attracting the schools of fishes into nets and fish traps. With 
advancing technology, these light sources gave way to jietrol and acetylene 
lam])s and electricity, es})ecially to the latter because of its apiilicability for 
underwater illumination (Verheijen, 1958). With underwater illumination 
}io.ssible, a new trend in commei*cial fishing has been developing since the 
end of World WTir 11 (Ellson, 1953), jiarticularly in the Soviet ITiion 
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(Borisov, 1950; Borisov and Bi'otasov, 1959; Leskiitkin, Nikonoi*ov and 
Batecv, 1955; Nikonorov, 1955, B)5(), 1958, 1959a, 1959b; Terentiev, 1957). 
Instead of nsini>‘ eonventional gear sneli as nets or ti*aps, new, so-called 
“netless" fishing e(pii])inent has been introduced in certain fisheries. It con¬ 
sists of snlnnergcd electric lamps and the “fish pnmp.^’ The fish attracted 
by the light at night are sucked into the pnmp funnel and pumped directly 
into the vessel’s hold. In this technique, experiments have been made also 
to api)ly an elccti’ical field within the illnminated zone so that the aggre¬ 
gated fish would be forced to swim toward the pnmp funnel, which is made 
the positive pole (Nikonorov and Pateev, 1959; Smith, 1955). 

More and more si)ecies of fishes and other aquatic organisms have l)een 
rei)orted in the litei*atnre as reacting positively to sources of artificial light 
nndei' laboi-atory conditions or in the natural environments. Consideral)le 
research has been done on the structure and function of the fish eye 
(Babui'ina, 1955, 1958; Brett, 1959; Tamura, 1959; Vilter, 1950), on the 
ability of the fish to discriminate colors, and on innate preferential selec¬ 
tivity of monochromatic lights (Arora and Speiay, 1958; Breder, 1959; 
Bull, 1957; Kawamoto, 1959; Tjonkashkin and Grant, 1959), on the ability 
of fish to respond differently to different intensities of artificial light 
(Breder, 1959; Privolnev, 1956, 1958), and on many other specific prol)- 
lems related to fish behavioi* as it is affected by natural and artificial lights. 

Out of the voluminous literatui'c on the subject published in i*ecent years 
and of s])ecial intei'cst to the writers, only a few papers are selected and 
mentioned below. BoiTsov (1950) recorded 42 s{)ecies and snlispecies of 
fishes which resjmnded positively to electric light. 11 is list includes marine, 
anadromons and freshwatei* fishes found in the USSR; in 1955, he listed 
more than 60 forms. In 1954, Radovich and Gibbs rei)orted 44 species of 
marine fishes from the waters of California and western ^Mexico which re- 
sponded jiositively to electric light under natural conditions.^ Baranov 
(1955) listed 17 species for the northwestern Pacific, and Parin (1958) 
mentioned 54 marine fishes collected at night light stations dui'ing oceanic 
exploration of the f^acific in 1954-55.^ 

Among pelagic fishes of commercial im})ortance, the clupeids, or heri’ing- 
like fishes, have been found the most rcvsponsive to artificial light, and 

^ Since the date of Radovich and Gibbs’ report (1954), many more species of the fishes from the same 
area have been found to respond positively to electric light in the open sea (a continuously expanding 
unpublished list has been maintained by the California State Fisheries Laboratory at Terminal Island). 
While on research cruises of the California Fish and Game M/V' Alaska in Mexican territorial waters in 
1958 and 1961, the senior author recorded 20 species as supplementary to Radovich and Gibbs' list of 
1954. These fishes are as follows: Asfroscopus zephyreits, Auxis sp., Carcharhinus lainiclla, CetengrauUs 
mystketus, Chloroscombrus orqueta, Cynoscion parvipinnis, Ilareiigula thrissina, Menidia starksi, Mugil 
ccphalus, Mugil sp., Nectarges nepenthe, OligopUtes sp., Polynemus sp., Pseudophollus storksii. Raja sp., 
Sphyraena sp., Sphyrna zygatna, Synodus lucioceps, Trachurops crumenophthalmus, and Upeneus sp. 

- A complete li.st of the fishes collected at night light stations by Parin in the Pacific Ocean during the 
1954 1960 oceanological expeditions aboard the research vessel Vitiaz will be published by him and is in press. 
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most of tlie references herein cited refer to this family. Species disjdaying a 
strong positive taxis to artificial light, readily aggregating in masses within 
illnininated zones, are as follows: sai'dines —SanJiuops cacruJai ( Kadovich 
and Oibbs, 1954; Rasalon, 1951)), i^ardiuops sapas mchtnosiicta (Borisov, 
1955; Vudovieh and Kolegov, 1956), Sardiua pilchardus mrdina (Ver- 
heijen, 1957, 1958; Xikonorov, 1959), SardincUa macrophthahna (Breder, 
1959), Sardincdla aurita (Verheijen, 1958); herrings —Clupea p(dUmi 
(dristchenko, 1951; Radovich and (libbs, 1954; Baranov, 1955; Borisov, 
1955; Nikolaev, 1957), Clnpca harcngu.^ harcngus ((h*aig and Baxter, 1952; 
Borisov, 1955; Blaxter and Parrish, 1958; Radakov and Soloviev, 1959; 
Tihonov, 1959; Zaitsev and Azhazha, 1959), Clupea hareiifpis mcmhras 
(Borisov, 1950, 1955); ras])ian shads — Alosa hrasJuiil'ori hrashuilovi, 
AJo.sa hrasliniliovi agraclianicUy AJosa caspiu casjna, Alosa kessleri hessleri, 
and Alosa I'essleri volgensis (Borisov, 1955; Chngnnova, 1955); (Caspian 
sprats “kikka ” — CJupconclla delicafnla caspia, Clupeouella engrauHformis, 
and ChipeoncUa grimmi (Eremtstov and Nikonova, 1949; Tokai*ev, 1949; 
Borisov, 1950, 1955; Bondarenko, 1951; Prihodko, 1951, 1957a, b; Leskntkin 
and Prihodko, 1951; Safronov, 1952; Evteev, 1953; Eeskntkin, Nikonorov 
and Pateev, 1955; Lovetskaya, 1955, 1958; Nikonorov, 1955, 1956a, b, 1958, 
1959a, 1); Ohngnnova, 1955; Terentiev, 1957; Borisov and Protasov, 1959); 
sprats — Spr<fffHs spraffus sjjrattus (Blaxter and Parrish, 1958), Spratfus 
spvattus balficus, and Spraffus spraffus phafericus (Borisov, 1950, 1955); 
Pacific round herring — Efrumeus acuuiinatiis (Radovich and Bibbs, 
1954); Pacific thread herring —Opisfhoncma Jiberf((f( (Radovich and 
<dbbs, 1954); Atlantic dwarf herring— Jcnl’iusia lamprofaeuia (Breder, 
1959); and zunasi herring — Ilarenguhi zunasi (Sasaki, 1959). 

Among other commercially important pelagic fishes which are known to 
respond strongly to artificial light are the following: anchovies— Engraulis 
ruordax, Anchoa deficafisshua, and Auehoa eompressa (Radovich and (Tibl)s, 
1954), Engraulis japoniea (Borisov, 1950, 1955; Baranov, 1955; Parin, 

1958) , Engraulis encrasiclwlus (Verheijen, 1958), Engraulis encrasicholus 
pontica and Engraulis encrasicholus niacotica (Borisov, 1950, 1955; Safia- 
nova, 1952, 1958; Kirillov, 1955; Radakov, 1956) ; mackerels — -Scomber sconi- 
brus (Blaxter and Parrish, 1958), Fneumafophorus diego (Radovich and 
Bibbs, , und Pneuniatopharus japonirus (Borisov, 1950, 1955; Baranov, 
1955; Parin, 1958) jack-mackerels or horse-mackerels—7hYn7n/rff,s‘ sgnimcfri- 
cus (Radovich and Gibbs, 1954), Trachurus japonicus (Parin, 1958, Sasaki, 

1959) , and Trachurus trachurus (Borisov, 1950, 1955; Safianova, 1952, 
H)58; Radakov, 1956; Protasov, 1957; Blaxter and Parrish, 1958; Borisov 
and Protasov, 1959); saury — Cololabis saira (Pochekaev, 1949; Radovich 
and Bibbs, 1954; Baranov, 1955; Borisov, 1955; Yndovich, 1956; Parin, 
1956, 1958; Bristchenko, 1957; Pokrovsky, 1957; Pukuhara, 1959); tunas — 
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Ncoihunnus mavroptcrns ‘d\\i\ Euthfjnnus ijaiio (Hsiao, 1952: Tester, 1959): 
eod-like fishes — (hidus niorhua niorhiia (Borisov, 1950, 1955; Ba^'uiiov, 
1955), (rddus }n()rhu{( mdcroccphalns (Baranov, 1955), Meliniograminus 
(icijlcfcnis, OdonfoffdiUis mcrhonjus ( ii.rwiis, and Borcogaihis suida (Borisov, 
1955)d The beliavioi’al studies conducted at the California Academy of Sci¬ 
ences liave been confined to four si)ecics of marine i)elai>‘ic fishes: Pacific 
sardine, Surdinops cacrxiha (Girard): nortliern anchovy, Engranlis mordas 
(drard: Pa(*ifie mackerel, Pncnmafophovus dugo (Ayres); and Pacifie jack 
mackerel, Trachurus sgDDucfx'icus (Ayres). The behavior and reactions of 
the sardine under the influence of white and colored lights and darkness 
have already been explored (Lonkashkin and Grant, 1959). The present 
paper sums u]) the results of the study of the behavior and reactions of 
the northern anchovy stimulated l)y artificial light of different wav(‘ leiiglhs 
and intensities and by darkness. In essence, it is a continuation of the earlier 
experimental work on sardines. The e(iui])nient, facilities, and methods 
(fig. 1) used ill the laboratory exiieriments for the larger part of the study 
were exactly the same as described earlier for the sardine; thei'efore, to 
avoid unnecessary repetition the reader is refein’cd to that report. However, 
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LONGITUDINAL CUT CROSS-SECTIONAL CUT 

FiGfiiE 1. Sketch drawing- of the experimental tank divided into three light 
zones for testing the anchovy’s ability to discriminate colors of the light and 
intensities of white light. (After Lonkashkin and Grant, 1959.) 

changes in t(‘chni(]ue or ecpiipment are noted and full information is pre¬ 
sented in ai)proi)riate sections below. 

For measuring light intensities, a Weston Hliuuination dieter, model 75(), 
was used. This model is visual and cosine coi'rected, with direct dial read- 

The size of the i)resent report excludes the possibility of listing all the other marine and freshwater 
fishes whose phototactic responses to artificial light have been tested in recent years. Readers interested in 
this subject will find more information in the accounts by Uaranov (1955), Blaxter and Parrish ( 1958), 
Borisov (1950, 1955), I’arin ( 1958), Pochekaev (1949), Privolnev ( 1958), Protasov ( 1957, 1958). 

Radovich and Oibbs (1954), Sasaki ( 1959), and especially in the Verheijen report ( 1958) in which a 
review of the literature on fish re.sponses to light is included. 
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injU's on the seales ran^anju' from 0 to oOO foot-candles. The illumination 
meter was manufactured by the AVeston Electrical Instrument (V)r])oration 
of Newark, New Jersey. 

This account is l)ased on the ex])eriments cai'ried out on two larj^e 
schools of adult anchovies ke])t in the display tanks of tlie J^teinhart 
A(iuarium, California Academy of Sciences, at different tim(‘s (a])proxi- 
mately two years apart). Tlie majority of the experiments were devoted to 
the investigation of the a])ility of the anchovy to discriminate the same 
monochromatic lights, white li^ht and darkness, which liad been successfully 
applied in the experiments with the Pacific sardine (fiji’. 2). The second por¬ 
tion of the study involved the use of ultraviolet and infrai'ed wave leng-ths 
and observations on the i*eactions of the anchovy to diff‘erent intensities of 
the wliite lio'ht. As with the stock of the Pacific sardine used in earlier ex¬ 
periments, the noi'thern anchovy schools were kept in a 1,000-oallon display 
tank illuminated with an ordinary 300-watt incandescent lamj) which was 
.sus])ended two feet a])ove the water suiTace. Therefoi'e, the fish used in the 
study can be considered “li«‘ht-ada])ted” animals. 

The scientific names of most of the fishes mentioned in the text are based 
on Koedel (1953) foi* the (’’alifoimia and ^Mexican s])ecies, and on Berg 
(1932-33, 1949), Borisov and Ovsiannikov (1951), and Svetovidov (1952) 
for the fishes of the TSSP. 

II. BEACTIONS OF XOBTIIEPN ANOIIOA^Y TO ElOHT 

^yAyv. i.EXOTirs and intensities 

(1) Preferential reactions to monochromatic lights, white light, and dark- 


The ability of the anchovy to react differently to different light wave 
lengths was tested in a tank wliieh could be divided into two, tliree, or four 


SPECTRAL ENERGY DISTRIBUTION 
BLUE "F" LAMP ♦BLUE FILTER *37 
GREENY" LAMP ♦GREEN FILTER "40 
PINK Y"LAMP> RED FILTER"l5 



Figthe 2. Spectral energy distribution of the monochromatic light sources used 
in the present study. (After E. A. Lindsay, 1948.) 



















636 


CALIFORXIA ACADEMY OF i^ClEXCFS 


[Piior. 4tii Seu. 


zones and equipped Avitli electric lig’lit sources ot‘ contrasting illumination, 
Iicsults oC the exiieriinents of two-zone tests are i)resented in tables I-XJ, 
those of the thi‘ee-zone tests in tables XII and XIV, and of the four-zone 
tests in table XIII. In the two-zone tests different groups of six fish were 
sulijected to the effect of a given pair of lights or of light and darkness. 
Each combination was used in two expei'iments consisting of six tests with 
too reeoi'ded observations, totalling 7,200 fish. Altogether, 79,200 fish are 
groipied in eleven tables for comparison of natural preference reactions to 
one ty])e of illumination, oi* aiiother. In testing the ability of the anchovy 
to distinguish green light from other colors, it was found that when this light 
was paired with white light, h,424 fish out of 7,200 moved to or remained 
in the green-light zone, dis])laying definite ]n*eference for this light (74.34 
]ier cent) over the white light (24.G6 ])er cent), as seen from table I. When 
green and red lights were paired, this ]ireference for green light rose to 
97.86 ]ier cent. The highest degree of negative reactions to red light in 
tests 2, 6, and 12 was manifested ])y total avoidance of the i*ed light zone, 
as shown in table 11. When green light was presented along with blue light, 
anchovies were able to differentiate these Vvo lights in conti'ast to the Pacific 
sardine, v;hich Avas unable to do so (Loiikashkin and (Irant, 1959). As seen 
from tal)l(‘ III, anchovies reacted prefereiitially to green light; 73.18 pci* 
cent of the individuals Avhich Avere tested selected the ^‘green zone,” com¬ 
pared to 26.82 per cent AA^iich shoAved ])reference for the “blue zone." When 
paired Avith a dai*kened zone, the green-light zone AA^as fi*equented by 6,918 
fish (96.08 per cent), Avhile only 282 (3.92 per cent) made occasional move¬ 
ments of short duration into the darkened zone. In tests 1 and 5, aA^oidance 
of the darkened zone was total (table IV). 

When testing the bine light paired AAutli Avhite light or red light or 
darkness, fish responded favorably to the bine light. Talile V shoAvs a 
slight preference for blue (52.15 per cent) over the AAiiite light (47.85 per 
cent), and a marked preference for blue (81.60 ]ier cent) ovei the red (18.40 
per cent) and (97.03 per cent) oxer darkness Avith four exanqiles of total 
aA^oidance of the darkened zone in tests 1, 6, 7, and 12 (tables VT and VII). 

l\ed light, AAhieii ])aii*ed AAUth Avhite light (table VIII), as in the trials 
Avith green and bine lights, elicited negatiA^'c res])onses on the ])art of the 
fish tested (in tests 1 and 9 only one fish entered the red light zone each 
time). Pi*eferential reaction for the Avhite light AA’-as as high as 88.39 pei* 
cent. The red light attraeded anchovies only AAdien it AA^as o])]K)sed by total 
darkness (92.97 per cent) as seen fi'om table IX. 

Whei] testing AAiiite light versus darkiiess, anchovies resi>onded i)osi- 
tiATly to the former (97.88 ])er cent) and negatiA^ely to the latter (2.12 per 
cent) AAuth total avoidance of that zone in tests, 4, 5, 6, 8, 10, 11, and 12 
(table X). This is in full accord Avith other experiments in \A4iich an illumi- 
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natcd zoDC was })rcseiited with the darkened one (tal)les IV, VII, and IX). 

1 )iagrainmatie interpretation of the I'elationship in the effects of dif¬ 
ferent li!L>-lits on the aneliovy s diseriminatini>‘ ability tested in paii's is shown 
in figure 3. 

To evaluate the signifieanee of the ai)parent i)referenee responses of the 
hsli to inonoehi'oinatie liglits, the same grou])s of anchovies, either before or 
after ex])eriment, wei'e kept in a two-zone tank under a white light of tlie 
same intensity. The results oljtained are ]u*eseuted in table XI, and they 
clearly dis])lay a normal disti*ibution of 7,200 fish very close to a 50:50 
ratio; howevei‘, the relationship varied from test to test. The avei*age dis¬ 
tribution of anchovies foi* 12 tests was found to l)e 50.06 per cent for 
one zone, and 49.94 ])er cent for the otlier. These tests wei*e considered as 
controls. 

After completing- the sei'ies of experiments in a two-zone tank, anchovies 
were subjected to ex])erimeiits in three-zone and four-zone tanks. In these 
exi)eriments light intensities wei-e maintained at a uniform level for all 
lights as in tlie two-zone ex])eriments, or they were p]‘(‘sented in different 
values. The lattei- nmdification was intended to see if the increment in light 
intensity would elicit a. change in response because of brightness of illumi¬ 
nation i-egardless of tlie coloi* of light. The results of these experiments are 
presented in tal)les Xll and XIII. The fii-st four ex|)eriments in a three- 



Figvre 3. Diagrammatic interpretation of the relationships between the effects 
of diffei-ent lights on the anchovy’s discriminating ability tested in pairs in the two- 
zone tank. Positive and negative reactions are expressed in per cent. All sources of 
light were maintained at 9 foot-candle intensity. 
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/OHO tank illuminated witli white, screen, and red li.i>'hts, ref>‘ardless of varia¬ 
tion in intensities, demonstrated overwlielmino’ ju’eferenee of tlie aneliovies 
for the i^'roen li^'lit. Tlie ])ositive ])]*efereiiee res])onses in these ex])(‘riments 
foi* the ^'I’een lii^’ht averaged as hi^h as ])er eent ( 14,400 fisli ). tliou^h 

in se])arate eases this ])referenee vari(Hl from 06 .0 i)er eent to 72.0 ])er eent. 
Xei>ative res])onses to the othei* two lii>-hts were as follow: 10.GO ])er eent 
for white li<ild and 14.04 per eent for r(*d lio-ht. These results are in full 
agreement with those obtained for the <*a*een light when tested in inurs with 
the othei’s in a two-zone tank. In ex])ei*iment WOl) (table XI1} the in¬ 
tensity of the green light was redueed to 6 foot-eandles, while the white- 
light intensity was inereased up to 00 foot-eandles. The third zone was dark¬ 
ened. x\gain, aneliovies responded in favor of the green light ( 00 . 2,0 ])er 
eent). In another ex])eriment I^)^V (table XU) rc'd and white lights were 
])i'esented in intensities of 00 foot-eandles witli the middle zone darkened. 
As antiei])ated, the white-light zone was fi‘e(|uented most of all (00.04 per 
eent), and red-light zone least of all (10.00 iiei* eent). The reason why more 
fish were found in the darkened zone than in the red-light zone may have 
been that the white light penetrated the darkened zone. In other experi¬ 
ments, ])11H-1 and ])Bli-2 (table XMl), the blue and red lights were 
apjilied, the third zone having been darkened. In both ex])eriments with 
unifoian intensities of 0 foot-candl(‘s and with (-ontrasting intensities (4 
foot-eandles for the blue light, and 00 foot-eandles for the red light) an- 
ehovies disjilayed extremely high pi*eferenee for the lilue light (OO.IG ])er 
eent and 08. G7 ]>ei‘ eent res])eetively) . 

Table XI 11 jiresents the results of expei‘iments in a four-zone tank in 
whieh gr(‘en, blue, and red lights of 0 foot-eandle intensity, and darkness 
were tested. Out of 0,()00 fish, 80.10 i)ei- eent were found in the grecm-light 
zone, 15.04 ])ei* eent in the I)lue, 2.5G ])er eent in the red, and 1.01 ])er eent 
in the darkened zone. This ])referenee of the anchovies for the green light 
])ei'feetly agrees with all previous results. 

The last ex])ei‘iments in the ])resent series were made to du]>lieate 
ai)]u*oximately the natural vertical disti-ihution of the sunlight s])eetrum 
in water. The tank was divided into three zones as follow: daylight (white 
light with noi’inal ])ei‘eentage of red light in it)^ to imitate .sui‘fae(‘ and 
near-surfaee illumination: green light for a dee])er hoiazon of water mass; 
and blue light to re])i-esent the dee])est hoiazon of the water medium in 
whieh the anchovy is found, in exj^eriment I)(1H-1 the intensities of lights 
were maintained at IG, 7.8, and 0.5 foot-eandles i‘es])eetiv(4y; for ])(JB-2 
these iiitensities were I'edueed to G.O, ‘>.0, and 0.25 foot-eandles resjn^etively 
(table Xl\^). The r(‘siilts of 12 tests with a gi-ou]) of nine anchovies in each 
of the two ex]iei‘iments show the same j)referential tendency of the tish 


‘ (ieneral Hleclric 20-waH ‘‘Daylighl" fluorescent tube 24 inches long, ordering symbol F20T12/I>. 
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towiii'd tlie ^ree]] as in all other ex])(‘rinn‘nts in wliieli vai'ions eoin- 

binations of inonoelii‘oniati(‘ and white lights were a])i)iied. This preference 
fen* the ^reen li^iit was found to be 48.57 per ('ent, in the experiment 
and 44.7h })er cent in coin])ared to dO.Ot ])er ('ent and 40.24 ]>er cent 

res})ectively foi* the daylight and 21.-12 per cent and 25.40 jan* cent for the 
bine lii>Iit. 

(2) l\es])otises to idti'aviolet wave length. 

In this series of (vx])erinients, low and intensity .soni*('es of nlti'a- 

violet radiation were used. In the tir.st set of exiieriments a "black li<>ht" 
20-watt fluorescent tnlie (24 inches long) manufactured by the General 
Electric (5)m])any (trade syml)ol K20T12 BLB) was used. Its s])(H*tro- 
gi‘a])hic characteristics are shown by the curve in figure 4, from whieh it is 
seen that this lain]) emits a certain amount of visilile light, too. This soui*ce 



WAVELENGTH - ANGSTROMS 

Fra Kio 4. Spectral energy distribution of the “Black Light Integral Filter Fluo¬ 
rescent Lamp” maniifactiired by the General Electric Company. Official drawing on 
file with the Company based on 40-watt lamp is reproduced here with written 
permission of the manufacturer. The curve is also typical for the 20-watt lamp 
(F20T12/BLB) used in the i)resent study. 
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of iilti-aviolet I'aclintion was first tested paii'ed with inonoeliromatie lij^-hts, 
iisin«“ the same colored tluoreseeiit tul)es and filters as in the i>receding’ 
sei'ies. Because of the extremely low intensity of the “l)lack li^ht,” the other 
lamps wei’e masked to I'ednce the intensity of colored lights to the level of 
the foianer, which was as low as 0.2 foot-candle. The resnlts of six ex])ei*i- 
ments covei*injL»‘ the distribution of 57,600 fish are ta])ulated in tal)les XV- 
XVTI. 

Paired with bine li^ht, the nlti'aviolet wave len^'th ha<l no si>ecific effect 
upon behavior of the anchovies. The average figures show a 50:50 distri¬ 
bution i-atio (table XV). The ultraviolet-green combination i*evealed slight 
])i*eferential reactions toward the gi’een light (54.79 ])er cent). This tend¬ 
ency was obseiwed in all of the 24 tests (table XVI), while in ultraviolet- 
blue combination fish res])onses varied considerably from test to test, es])e- 
cially in exi>eriment UB-1. 

In expei'iments using ultraviolet light and red light, anchovies at first 
disi)layed very slight but constant ])reference for the ultraviolet zone (52.25 
])ei* cent in experiment rij-5.). In the next ex])eriment (UL-6) this ])refer- 
cnce rose to 91.70 pei* cent varying between cS0.50 ])er cent to 100.0 per cent 
from test to test, and averaging 71.79 ])er cent and 28.04 pei* coit for ultra¬ 
violet and red light res])ectively (table XVIJ). However, in this case it can 
be assumed that it was not the atti*active value of the ultraviolet I’ays that 
resulted in greater fre(iuenting of the "black light” zone, but rathej* the 
i‘e])elling effect of the i*ed light as revealed in ])revious expeiajnents when 
monochi’omatic lights wer(‘ used and the anchovies avoided the red-light 
zone unless the alternative was daihness. The same avoidance I'eactions to¬ 
ward the red light were demonstrated earlicu* (m the Pacific sardine (Lou- 
kashkin and (Jrant, 1959). 

The next two ex])eriments, with a])idication of higher light intensity, 
were made in a two-zone tank. It was illuminated with ch'ar light, and a 
soui’ce of idtraviolet I'adiation alternately added to one of these zones. 
The wliite light was jirodm-ed by the (Jeneral Kleetric 15-watt incandescent 
lam]> ("fi'osted"), one in each zone, and the ultraviolet soui'ce was the same 
20-watt "l)lack light” desciabed a])ove. A light intensity of 10.5 foot-(*andles 
was maintained in bolh zones. The results of 24 tests involving the distribu¬ 
tion of 19,200 fish are shown in tabh' XVI11. The avei’ages for the Avhite- 
light zone and white-light ])lns ultraviolet zoiu* ai'e almo.st identi(‘al: 49.84 
pel* cent foi* the former, and 50.10 ])er cent foi* the latter. The fish .seemed to 
be unable lo differentiate one zone from tlie other, and the numbers of fish 
fre(|uenting one zone oi* the other varied considerably fi'om test to test, 
(‘sjiecially in (experiment rB-7. 

Following this, an nlti'aviolet source of very high intensity was tested. 
For this ])ur])ose a "New Black-Pay .Atodel B-lOO (4060 a)” ecpiiiiped with 
100-watt mercury sjiotlight bulb, ballast, and ultraviolet-transmitting Ivoj^p 
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41 filtoi* was used. This soiiivo of ultraviolet radiation was inaiuifaetured hy 
Ihe ritra-Violet Products, lue., San (Ja])riel, California. The spectral- 
energy distri])utiou of this laiu]), wuth filter attached, is shown in figure 
In addition, an extra filter (Coiaiin^' (dass Works, no. 5(S40) was accpiired 
in order to filtei* out most of the visible rays. Its ])i‘operties arc shown in 
figure 6. 



TRANSMITTANCE PER CENT 

Fku'hk G. Spectral properties of the ultraviolet-transmitting filter no. 5S40 
(7-GO) of the Corning Class Works. Courtesy of the manufacturer. 
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At first, cittemi)tswerc made to test the et'feet of ultraviolet wave hoi^ths 
in total darkness by i)laein»- this source in one zone and kee])ini>' tlie other 
zone darkened. Tliese, as all other tests lierein i*e])orted, were (^aiaaed out 
in a si)ecially Iniilt dai-k i*oom ii) the Steiidnul A(inarinm. l)es]nt(‘ all ])os- 
sible efforts, the investigators had to al)andon this ex])eriment because the 
use of l)oth filters to^uether failed to entirely hWvr out visible li^ht I'ays. 
Thou^’h of extremely low intensity and detectalile by the human eye only 
aftei- i)rolon»‘’ed stay in the dark room, these rays, fortified by the ultraviolet 
wave length, created ffnorescence in watei*. Reflections from the bottom and 
tank sides dimly illuminated the entii*e tank though a much bia^hter o-low- 
in^’ spot appeared directly under tlie lam]). Under this mea^ei* illumination 
the fish were able to still orientate and swim in a loose sc'hool formation and 
to continue their tyj^ical ('oiinter-clockwise movement in the tank, liowevei*, 
the s])eed of swimmini*- slowed to one-half of normal. The intensity of li^ht 
was far below 0.01 foot-candle. 

Ill the next ti*ial, the 100-watt mercury spotlii^ht lam]> ((Jeneral Elec- 
tri(' II-IOO-SIM) was susiiended over the center of the exiierimental tank. 
Its si)ectroo]‘ai)hic characteristics are shown in figure 7. A dividing' shield 
was removed. Lij^ht intensity at the surface of water directly under the 
lamp was 500-[- foot-candles with a ra])id decrease toward the tank's ends. 
One-half of the tank was (‘overcd with a clear ^lass ])lat(‘ to filter out ultra¬ 
violet rays. The other half remained ()])en to allow ultraviolet radiation to 
enter. Tn this experiment (UL-9, table XIX) 64 ])er eent of 8,000 fi.sh re¬ 
sponded positively to the zone covered with the ‘>-lass plate, while 36 ])er ciait 
entci'ed the ulti'aviolet zone. The ^lass i)late was then removed and both 
halves of the tank were subjeded to ultraviolet radiation. In this experi¬ 
ment (U1 j- 10, table XIX) 52.20 i)er cent of the flsh entered one zone, and 
47.80 per cent the other, which is close to a 50:50 ratio. After this, in oi'dei* 
to evaluate the role of the clear-]L>lass ])late as a filter and its efl'ect ui)on the 
iiumliers of fish ^atherinjn’ under it, an ultraviolet source was rei)laced by 
theKEX-RAl) 300-watt reflector flood lamp emitting’ clear lijL»ht of the same 
intensity as the mercury s])otliyht lam]). One-half of tlie tank was ai>ain 
covered with the ^lass plate. This time (UIj-I 1, table XIX) the fish distribu¬ 
ted themselves evenly (50.45 ])er cent and 49.55 jier cent). Thus, it seems 
I'casonable to assume that the 64.0 ])er (‘cnt resiionse of the flsh to the ultra¬ 
violet-free zone in experiment UL-9 was not incidental, and that the flsh 
dis])layed a noianal “avoidam-e i*ea(dion" towai-d the ulti*aviolet zone. 

In the last set of experiments with ultraviolet radiation, the li^ht inten¬ 
sity was reduced by half, and the })i*ocedure was different. In the exp(u*i- 
ment UL-J2 (table XX) the tank was divided a^ain into two zones by in¬ 
stalling-a sejiaratin^- shield in the eentei*. In each zone one I\LX-RA1) 300- 
watt reflector flood lam]) emittini»- white li^ht of 225 foot-candle intensity 
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Ficu’ke 7. Spectral energy distribution of the General Electric 100-watt mercury reflector spotlight lamp (near¬ 
ultraviolet region of the spectrum) No. H-100-SP4 (Black Light) based on the data published by the manu¬ 
facturer. [The pamphlet “Mercury Lamps and Transformers,” LS-103, second printing, dated January 1958.] 
Courtesy of the General Electric Company. 
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was installed. In ton tests involvinjn- 6,000 Osh, as antiei])ated, there resulted 
a in()r(‘ or less even distribution of fish (48.47 per cent and 01.58 ])er eent). 
In ex])eriinent I4j-13 (table XX), one of the white lights was ]‘e])laeed with 
lOO-watt inereiuy spotlight lain]) (ultraviolet), and the positions of these 
two sources were alternated during- the ex])eriment. The intensity of light 
in both zones remained the same as in the previous experiment. Throughout 
all ten tests, the anchovies consistently iireferred the white-light zone. Their 
ies])onses for the white-light zone varied between 60.0 per cent to 100.0 ])er 
cent from test to test, averaging 72.1 ])er cent and displaying negative oi‘ 
avoidance reaction toward the ultraviolet zone (27.9 pei* cent) once again. 
Diagrammatic intei‘])retation of the anchovy reactions toward the ultra¬ 
violet wave length is shown in figure 8. 

(o) Kesponses to infrared wave length. 

In this series of ex])eriments the first tests were made in a two-zone tank; 
on(‘ zone was ex])Osed to infrared radiation, the other remained in total 
darkness. Instead of being six inches deep, as in all other exjieriments, the 



FnaniE S. Diagrammatic interpretation of the anchovy’s reactions toward the 
ultraviolet wave length in relation to opposing monochromatic and white lights. 
Positive and negative reactions are expressed in per cent. 




CMAFOaXlA ACADEMY DE SCIENCES 


[PiicK’. 4 tii Ski:. 


G4(5 

water level wa.s lowered to three iiiehes and tin* lainj) was sns])ended six 
iiiehes above its snid'aee. A (J.E. 2r)()-watt refleetoi* heat lain]) with red 
eoatinji' pi'ovided the source of the iiifi'arcMl radiation (its s])ectro^'rai)hic 
Teatiires are shown in fio-nre 9). A Corning* filter no. 2040 was used to ab.sorb 
all visilde rays, ti‘ansmittin«- infrared rays alone. Fio-nre 10 shows the 
si)ecti‘o»i*aj)hic properties of this filter. 

Ei^ht anchovi(‘s wei'e }daced in an ex]Hn‘iinental tank two hours prior to 
testing- and were keid there in total dai-kness. A recording of fish distribn- 
tio]i was made every ten iniinites with the aid of dimmed laiby-i-ed flash¬ 
light; this O])eration n^qnired not moi-e than two or thi-ee seconds and only 
the fish in one zone were counted at a time. Altogether ten tests eacli of 
20 recorded obsei-vations were made covering tlie distribution of 2,400 fish. 
The results of ex])ei’iment lXF-1 are shown in table XXI. From the very 
start, it was (dearly evident tluit tlie fish did not res])ond to infi-ai-ed radia¬ 
tion. In both darkened and infrared zones, they behaved in exactly the same 
manner as did the Pacific .sardine in total darkiu^ss (Loukashkin and (Irant, 
1959). The school was broken np; fish were .scattered thi-ongliont the tank; 
swimming s])eed was slowed almost to a ‘‘stand still”; orientation was com- 
])letely lost, individual fish moving randomly, and all the fisli moved .so 
(dose to the surface of the water that their dorsal fins and backs ])rojected 
above the water. Tin' avei‘age distrilmtion of fish in ten tests was found to 
be about even; 51.22 ])ei- cent of tlie fish were i-eeorded in the infi-ared zone, 
and 48.67 ])er cent in the dark(med zone. To checdv the results, the infi-ared 
lamp was tni-ned off, and the fish were kei)t in total dai-kness in both zones. 
Following tlie same pi'ocednrc^ as in exjieriment lXF-1, the investigators 
obtained exactly the same results; 48.58 per cent and 51.42 ])er cent (exp. 
IXP^-2, table XXI ). After this, an infrared source was turned on again, and 
to the sni‘]>]dse of the obsei-vers, the fish began to concentrate nmhn* the 
lamji, though there was no visible change in the over-all situation. The mir¬ 
ror, ])laced under the lamj), revealed a tiny ci'ack in the filter, throngli whicli 
jnst a ])in ])oint of red light was reflected liy the mii-i-oi*. fntensity of this 
light was about 0.001 foot-candle. Tlu' human eye, ada])ted to tlie darkness 
of the dark room, was nnable to see this light without the use of a mii‘i-or, 
but the anchovies were able to percei\'e such a meager light value and to I'e- 
spond to it veiw readily. The averages for ten te.sts (ex]). JXF-2, table XXI) 
show a definite i>i‘efei‘ence by the fish foi* tliis zone (74.17 per cent) over the 
zone of darkne.ss (25.82 ])er cent). 

In the next two ex]>ei‘iments (lXF-4 and lXF-5, table XXII), one of 
the two zones was illuminated by white light using a I\EX-EA1) 200-watt 
refleetoi' floodlight lamp; light intensity at th(‘ surface of the water mea¬ 
sured 500 foot-candh's. The other zone was illuminated with a (l.E. 250-watt 
i-eflector heat lam]) witliout red coating, which emitted Ixjth white liglit and 
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Figure 9. Spectral energy distribution of the 250-watt reflector heat lamp with 
red coating (infrared) manufactured by the General Electric Company. These 
graphs are official manufacturer’s copies reproduced here with the Company’s 
written permission. 
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Figure 10. Spectrographic properties of the infrared transmitting filter of the 
Corning Glass Works’ manufacture no. 2540 (7-56). Courtesy of the manufacturer. 


infrared rays, as sliowii in ligiire 11. Tlie li^ht intensity of tliis lamp was 
also 500 foot-candles. Observations were made every ten seconds. 

In 24 tests the fish behaved normally, maintaining- typical school-forma¬ 
tion, and (dri'led at noianal sjieed in counter-clockwise direction. Tliey dis¬ 
played iireference for neither zone; of 19,200 fish 49,52 jier cent were 
found in the wliite li^ht zone, 50.48 per cent in the infrared zone. 

Two more ex])crimcnts concluded the infrared studies (IXF-O and 
JNF-7, table XXlll). In these, one zone was illuminated with white light 
produced by th(‘ (l.M. “soft white” fluoi'cscent tube. Tlie other zone was illu¬ 
minated with a similar source of light to whii'h the ri.E. GOO-watt electric 
heater was adde<l as a .source of infrar(‘d radiation. The intensity of light 
in both zones was ceiual to 25 foot-(‘andles at the water's sni'facc. As in the 
preceding case, the tish b(‘haved normally and maintained typical school- 
formation and cirmdar path of movennmt. They showed no marked jirefer- 
(‘iK'C foi‘ either of the zones. The average figures for 24 tests in the two ex- 
])(M‘imcnts invohdng 1{),000 fish are as follows: 51.79 ])er cent for th(‘ white- 
light zone and 48.21 per (^ent for the white-light-jilus-infrai’cd-wave-lengtli 
zone. Foi* all ])i*acti(ad jiurposes tliese figures show an evim distribution of 
the fish, and as in all otlier experiments with ai)]dication of infrared radia- 
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Figure 11. Spectral energy distribution of the 250-watt reflector clear heat lamp 
(infrared) manufactured by the General Electric Company. These graphs are ofii- 
cial copies of the manufacturer. Courtesy of the General Electric Company. 
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tioii they inanirest veiy clearly the inability of the anehovy to perceive 
infrai'ed radiation. 

(4) Responses to dift'ercnt values of intensity of white light. 

In an attempt to determine the ability of the northern anchovy to re¬ 
spond differently to different values of light intensity, the experimental 
tank was divided first into five zones, then into four, and finally into two 
zones. Illumination was pi'ovided by (r.E. incandescent (‘‘frosted”) lamps 
emitting white light. In the five-zone arrangement, light intensities were 
as follows: 2, 10, 20, bO, and 100 foot-candles. After five tests in each of 
two exi)erinients (INT-T and lNT-2, table XXIV), the ])ositions of the light 
sources were reversed in order to avoid conditioning resiionses. Average 
response ])ercentages for the gradient values in both experiments were close 
to each other, especially for the first three intensity gi*adients. The 20,000 
fish used in 20 tests were distributed with res])ect to the five different light 
intensities as follows: 

O.bd ])er cent — 2 foot-candles 

6.03 per cent — 10 foot-candles 

20.23 ])er cent — 20 foot-candles 

41.04 per cent — bO foot-candles 
22.27 ])er cent — TOO foot-candles 

In the foni'-zone tank, illumination was provided by incandescent lanii)s 
of the same type and manufacture, which emitted white light in 7b, 125, 
250, and bOO foot-candle intensities. As in the ])receding exiieriment, the 
positions of light sources were reversed after the first five tests. The average 
response ]mrcentages in experiment IXT-3 (table XXV) were: 

14.20 ])er cent — 7b foot-candles 

30.21 i)er cent — 125 foot-candles 
37.16 per cent — 250 foot-candles 
18.43 per cent — 500 foot-candles 

In these two arrangements of five and four intensity values, anchovies 
seemed to keej) within the region of moderate liglit intensity; they shied 
away fi*om the extremes. In each instance, most of the fish responded more 
])ositively to the lights of moderate intensities in centrally located zones 
and displayed an avoidance reaction to lights of the liighest and lowest in¬ 
tensities. In the 6i*st arrangement, 71.17 pei* cent of 20,000 fish were found 
to frequent the two adjacent zones of 20 and 50 foot-candles; in the 
second — 67.37 jier cent of 10,000 fish fi-e([uented adjacent zones of 12b and 
250 foot-candle intensities. 

The most striking exanqile of avoidance by aucliovies of the brighter 
zone was demonstrated in ex])eriments IXT-4, 1 XT-5, IXT-6, and lXT-7, 
when intensities of white light were jirescaited in sliarply contrasting jiairs. 
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in which the lii^hei* value reiuaiued constant throujL>-h()ut tlie four ex])eri- 
inents. An intensity of oOO foot-candles was o])1)os(h 1 by intensities of 20, 
10, 5, and 2 foot-candles. Each of the above-mentioned experiments con¬ 
sisted of three tests of 100 recorded observations of th(‘ behavior of ei»‘ht 
anchovies. The ])referenee res]K)nses to the lower values of lii:»ht intensity 
over the 500 foot-candle intensity were found to be 05.50 ])(‘i* cent for 20 
foot-candles, 04.71 per cent for 10 foot-candles, 00.42 per cent for 5 foot- 
candles, and Sd.Tl ])er cent for 2 foot-eandles. Of the 0,000 fish involved in 
these experiments, the avera^^e i^ercentai^ie in favor of all the lower inten¬ 
sities taken together equalled 08.52 per cent; that for the 500-foot-eandle 
intensity, 31.48 per cent. 


111. TABLES 

Tables 1-XI 

Records of expcrinients usiny the two-zone tests for determinimj the preference 
reactions of the northern anchovy (Engraulis mordax Girard) for nionoehroniatic 
lights, white light, and darkness when presented in contrasting pairs. Light in¬ 
tensity was maintained at U foot-candles for all light sources. Each experiment con¬ 
sisted of six tests with IdO recorded observations made every ten seconds for six 
anchovies subjected to the effect of the light. 

Fluorescent tubes, manufactured by General Electric, and gelatine filters, made 
by Rascoe Laboratories, used in the present study were described by Loukashkin 
and Grant (19o0). 


Table I 



Green Light 

Soft 

White Light 

T of III 





Trequency 

of Oceurrenre 




Exp. 

Test 

Number 

Per cent 

Number Per cent 

Number Per eent 

GR-l 

1 

468 

78.00 

132 

22.00 

600 

100 


2 

404 

67.33 

196 

32.67 

600 

100 


3 

443 

78.83 

157 

26.17 

600 

100 


4 

399 

66.50 

201 

33.50 

600 

100 


5 

453 

75.50 

147 

24.50 

600 

100 

“ 

6 

425 

70.83 

175 

29.17 

600 

100 

Total 

6 

2,592 

72.00 

1,008 

28.00 

3,600 

100 

GR-2 

7 

551 

91.83 

49 

8.17 

600 

100 


8 

468 

78.00 

132 

22.00 

600 

100 


9 

582 

97.00 

18 

3.00 

600 

100 


10 

523 

87.17 

77 

12.83 

600 

100 


11 

396 

66.00 

204 

34.00 

600 

100 


12 

312 

52.00 

288 

48.00 

600 

100 

Total 

6 

2,832 

78.67 

768 

21.33 

3,600 

100 

Grand 

Total 

12 

5,424 

75.34 

1,776 

24.66 

7,200 

100 
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Table II 




Green 

Light 

Red 

Light 

Total 




Frequency 

of Occurreuce 




Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

X umber 

Per cent 

GR>3 

1 

597 

99.50 

3 

0.50 

600 

100 

“ 

2 

600 

100.00 

0 

0.00 

600 

100 

“ 

3 

561 

93.50 

39 

6.50 

600 

100 

“ 

4 

593 

98.83 

7 

1.17 

600 

100 


5 

597 

99.50 

3 

0.50 

600 

100 


6 

600 

100.00 

0 

0.00 

600 

100 

Total 

6 

3,548 

98.56 

52 

1.44 

3,600 

100 

GR-4 

7 

598 

99.67 

2 

0.33 

600 

100 


S 

599 

99.83 

1 

0.17 

600 

100 


9 

591 

98.50 

9 

1.50 

600 

100 


10 

514 

85.67 

86 

14.33 

600 

100 

“ 

11 

596 

99.33 

4 

0.67 

600 

100 

“ 

12 

600 

100.00 

0 

0.00 

600 

100 

Total 

6 

3,498 

97.17 

102 

2.83 

3,600 

100 

Grand 

Total 

12 

7,046 

97.86 

154 

2.14 

7,200 

100 


Table Ill 



Green Light 

Blue Light 

Total 

Frequency of Occurrence 

Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

X umber 

Per cent 

GR-5 

1 

433 

72.17 

167 

27.83 

600 

100 


2 

429 

71.50 

171 

28.50 

600 

100 


3 

383 

63.83 

217 

36.17 

600 

100 


4 

381 

63.50 

219 

36.50 

600 

100 


5 

480 

80.00 

120 

20.00 

600 

100 


6 

465 

77.50 

135 

22.50 

600 

100 

Total 

6 

2,571 

71.42 

1,029 

28.58 

3,600 

100 

GR-6 

7 

563 

93.82 

37 

6.17 

600 

100 

“ 

8 

419 

68.33 

181 

31.67 

600 

100 

“ 

9 

280 

46.67 

320 

53.33 

600 

100 

“ 

10 

505 

84.17 

95 

15.83 

600 

100 


11 

441 

73.50 

159 

26.50 

600 

100 

“ 

12 

490 

81.67 

110 

18.33 

600 

100 

Total 

6 

2,698 

74.94 

902 

25.06 

3,600 

100 

Grand 








Total 

12 

5,269 

73.18 

1,931 

26.82 

7,200 

100 
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Tuhle ir 


Green Light Darkness Total 





Frequency 

0 } Occurrence 




Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

GR-7 

1 

600 

100.00 

0 

0.00 

600 

100 


2 

454 

75.67 

146 

24.33 

600 

100 


3 

557 

92.83 

43 

7.17 

600 

100 


4 

597 

99.50 

3 

0.50 

600 

100 


5 

600 

100.00 

0 

0.00 

600 

100 

‘‘ 

6 

594 

99.00 

6 

1.00 

600 

100 

Total 

6 

3.402 

94.50 

198 

5.50 

3.600 

100 

GR-S 

7 

594 

99.00 

6 

1.00 

600 

100 


8 

559 

93.17 

41 

6.83 

600 

100 


9 

592 

98.67 

8 

1.33 

600 

100 


10 

583 

97.17 

17 

2.83 

600 

100 


11 

594 

99.00 

6 

1.00 

600 

100 


12 

594 

99.00 

6 

1.00 

600 

100 

Total 

6 

3,516 

97.67 

84 

2.33 

3,600 

100 

Grand 

Total 

12 

6,918 

96.08 

282 

3.92 

7,200 

100 


Table V 



Blue Light 

Soft White Light 

Total 

Frequency of Occurrence 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

BL-1 

1 

180 

30.00 

420 

70.00 

600 

100 


9 

464 

77.33 

136 

22.67 

600 

100 


3 

373 

62.17 

227 

37.83 

600 

100 


4 

333 

55.50 

267 

44.50 

600 

100 


5 

367 

61.17 

233 

38.83 

600 

100 


6 

318 

53.00 

282 

47.00 

600 

100 

Total 

6 

2,035 

56.53 

1,565 

43.47 

3,600 

100 

BL-2 

7 

379 

63.17 

221 

36.83 

600 

100 


8 

289 

48.17 

311 

51.83 

600 

100 


9 

237 

39.50 

363 

60.50 

600 

100 


10 

280 

46.67 

320 

53.33 

600 

100 


11 

234 

39.00 

366 

61.00 

600 

100 


12 

303 

50.50 

297 

49.50 

600 

100 

Total 

6 

1,722 

47.83 

1,878 

52.17 

3,600 

100 

Grand 








Total 

12 

3,757 

52.15 

3,443 

47.85 

7,200 

100 
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Table YI 





Blue 

Light 

Red Light 

Total 

Frequency of Occurrence 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

BL-3 

1 

474 

79,00 

126 

21.00 

600 

100 


2 

591 

98,50 

9 

1.50 

600 

100 


3 

353 

58,83 

247 

41.17 

600 

100 

“ 

4 

390 

65.00 

210 

35.00 

600 

100 


5 

438 

73.00 

162 

27.00 

600 

100 

“ 

6 

523 

88.83 

77 

11.17 

600 

100 

Total 

6 

2,769 

76.95 

831 

23.05 

3,600 

100 

BL-4 

7 

597 

99.50 

3 

0.50 

600 

100 


8 

57 6 

96.00 

24 

4.00 

600 

100 


9 

403 

67.17 

197 

32.83 

600 

100 


10 

526 

87.67 

74 

12.33 

600 

100 


11 

499 

83.17 

101 

16.87 

600 

100 


12 

505 

84.17 

95 

15.83 

600 

100 

Total 

6 

3,106 

86.28 

494 

13.72 

3,600 

100 

Grand 








Total 

12 

5,875 

81.60 

1,325 

18.40 

7,200 

100 


Table YII 




Blue 

Light 

Darkness 

Total 




Frequency 

oj Occurrence 




Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

BL-5 

1 

600 

100.00 

0 

0.00 

600 

100 


2 

538 

89.67 

62 

10.33 

600 

100 


3 

578 

96.33 

22 

3.67 

600 

100 


4 

565 

94.17 

35 

5.83 

600 

100 

“ 

5 

578 

96.33 

22 

3.67 

600 

100 


6 

600 

100.00 

0 

0.00 

600 

100 

Total 

6 

3,459 

96.08 

141 

3.92 

600 

100 

BL-6 

7 

609 

100.00 

0 

0.00 

600 

100 


8 

594 

99.00 

6 

1.00 

600 

100 

“ 

9 

592 

98.67 

8 

1.33 

600 

100 

“ 

10 

560 

93.33 

40 

6.67 

600 

100 

“ 

11 

581 

96.83 

19 

3.17 

600 

100 


12 

600 

100.00 

0 

0.00 

600 

100 

Total 

6 

3,527 

97.97 

73 

2.03 

3,600 

100 

Grand 

Total 

12 

6,986 

97.03 

214 

2.97 

7,200 

100 
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Table VlII 




Red 

Light 

Sojt White Light 

Total 




Frequency 

of Occurrence 




Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

X umber 

Per cent 

RD-1 

1 

1 

0.17 

599 

99.83 

600 

100 

“ 

2 

40 

6.67 

560 

93.33 

600 

100 


3 

8 

1.33 

592 

98.67 

600 

100 

“ 

4 

48 

8.00 

552 

92.00 

600 

100 


5 

89 

14.83 

511 

85.17 

600 

100 


(1 

81 

13.50 

519 

86.50 

600 

100 

Total 

6 

267 

7.42 

3,333 

92.58 

3,600 

100 

RD-2 

7 

13 

2.16 

5S7 

97.84 

600 

100 


8 

104 

17.33 

496 

82.67 

600 

100 


9 

1 

0.17 

599 

99.83 

600 

100 


10 

209 

34.83 

391 

65.17 

600 

100 


11 

233 

38.83 

367 

61.17 

600 

100 


12 

9 

1.50 

591 

98.50 

600 

100 

Total 

6 

569 

15.80 

3,031 

84.20 

3,600 

100 

(Irand 

Total 

12 

836 

11.61 

6,364 

88.39 

7,200 

100 


Table IX 



Red 

Light 

Darkness 

Total 


Frequency of Occurrence 

Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

Xumber Per cent 

RD-3 

1 

570 

95.00 

30 

5.00 

600 

100 

“ 

2 

594 

99.00 

6 

1.00 

600 

100 


3 

454 

75.67 

146 

24.33 

600 

100 


4 

583 

97.17 

17 

2.83 

600 

100 


5 

600 

100.00 

0 

0.00 

600 

100 

“ 

6 

581 

96.83 

19 

3.17 

600 

100 

Total 

6 

3,382 

93.94 

218 

6,06 

3,600 

100 

RD-4 

7 

569 

94.83 

31 

5.17 

600 

100 

“ 

8 

520 

86.67 

80 

13.13 

600 

100 


9 

593 

98.83 

7 

1.17 

600 

100 


10 

537 

89.50 

63 

10.50 

600 

100 


11 

588 

98.00 

12 

2.00 

600 

100 


12 

505 

84.17 

95 

15.83 

600 

100 

Total 

6 

3,312 

92.00 

288 

8.00 

3,600 

100 

Grand 








Total 

12 

6,694 

92.97 

506 

7.03 

7,200 

100 
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Table X 




Soil While Light 

Darkness 

Total 




Frequeticy 

of Oeeurrence 




Exp. 

Tnt 

Number 

Per eent 

Number 

Per cent 

Number 

Per cent 

AVH-1 

1 

594 

99.00 

6 

1.00 

600 

100 


2 

5G6 

94.33 

34 

5.67 

600 

100 


3 

589 

98.17 

11 

1.83 

600 

100 


4 

600 

100.00 

0 

0.00 

600 

100 


5 

600 

100.00 

0 

0.00 

600 

100 


() 

600 

100.00 

0 

0.00 

600 

100 

Total 

G 

3,549 

98.58 

51 

1.42 

3,600 

100 

WH-2 

7 

543 

90.50 

57 

9.50 

600 

100 


8 

600 

100.00 

0 

0.00 

600 

100 


9 

554 

92.33 

46 

7.67 

600 

100 


10 

600 

100.00 

0 

0.00 

600 

100 


11 

600 

100.00 

0 

0.00 

600 

100 


12 

600 

100.00 

0 

0.00 

600 

100 

Total 

6 

3,497 

97.14 

103 

2.86 

3,600 

100 

Grand 

Total 

12 

7.046 

97.88 

154 

2.12 

7,200 

100 


Table XI 



Soft White Light 

Sojt White Light 

Total 

Frequency of Occurrence. 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

CON-1 

1 

263 

48.83 

337 

56.17 

600 

100 


2 

286 

47.67 

314 

52.33 

600 

100 


3 

349 

58.27 

251 

41.73 

600 

100 


4 

350 

58.33 

250 

41.67 

600 

100 


5 

228 

38.00 

372 

62.00 

600 

100 


6 

371 

61.83 

229 

38.17 

600 

100 

Total 

G 

1,847 

51.31 

1,753 

48.65 

3,600 

100 

CON-2 

7 

384 

64.00 

21G 

36.00 

600 

100 


8 

238 

39.67 

3G2 

60.33 

600 

100 


9 

302 

50.33 

298 

49.67 

600 

100 


16 

224 

37.33 

376 

62.67 

600 

100 


11 

318 

53.00 

282 

47.00 

600 

100 


12 

291 

48.50 

309 

51.50 

600 

100 

Total 

6 

1,759 

48.8G 

1,841 

51.14 

3,600 

100 

Grand 








Total 

12 

3,604 

50.06 

3,596 

49.94 

7,200 

100 
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Table XII 

Records of experiments usinp the three^zoiie tests for determining the preference 
reactions of the northern anchovy in monochromatic and white liyhts of equal and 


d iff even t 
imtions. 

intensities. Each 

with six anchovies 

experiment is based 
: used in each test. 

on six tests of lilO 

recorded 

obser- 

Exp. 

Soft While Light 

Green Light 

Red Light 

Total 


Number Per cent 

Number Per cent 

Number Per cent 

Number 

Per cent 

WGR-1 

Light Intensity 

9 j.-c. 

1,158 32.17 

Light Intensity 

9 j.-c. 

2,016 56.00 

Light Intensity 

9 j.-c. 

426 11.83 

3,600 

100 

WGR-2 

Light Intensity 

30 f.-c. 

516 14.33 

Light Intensity 

9 j.-c. 

2,496 69.33 

Light Intensity 

9 j.-c. 

588 16.34 

3,600 

100 

WGR-3 

Light Intensity 

30 f.-c. 

432 12.00 

Light Intensity 

6 j.-c. 

2,448 68.00 

Light Intensity 

30 j.-c. 

720 20.00 

3.600 

100 

WGR-4 

Light Intensity 

30 j.-c. 

720 20.00 

Light Intensity 

30 j.-c. 

2,592 72.00 

Light Intensity 

30 j.-c. 

288 8.00 

3,600 

100 

Total 

2,826 19.63 

9,552 66.33 

2,022 14.04 

14,400 

100 



Other combinations in three 

-zone tests 



WGD 

Soft While Light 
Intensity 30 j.-c. 

804 22.33 

Green Light 
Intensity 6 j.-c. 

2,496 69.33 

Darkness 
Intensity 0 j.-c. 

300 8.34 

3,600 

100 

RDW 

Red Light 
Intensity 30 j.-c. 
696 19.33 

Darkness 

Intensity 0 j.-c. 

1,092 30.33 

Soft While Light 
Intensity 30 j.-c. 
1,812 50.34 

3,600 

100 

DRR-1 

Darkness 
Intensity 0 j.-c. 

186 5.17 

Blue Light 

Intensity 9 j.-c. 

3,354 93.16 

Red Light 
Intensity 9 j.-c. 

60 1.67 

3,600 

100 

DBR-2 

Darkness 
Intensity 0 j.-c. 

48 1.33 

Blue Light 

Intensity 4 j.-c. 

3,552 98.67 

Red Light 
Intensity 30 j.-c. 

0 0.00 

3,600 

100 


Table XI iI 

Records of experiments using the four-zone tests for determining the preference 
reactions of the northern anchovy for monochromatic lights and darkness. Each 
of the tu'o experiments is hosed on six tests of KtO recorded observations, with 
eight anchovies used in each test. 


Exp. Number Per cent 

Number 

Per cent 

Number 

Per cent 

Number Per cent 

Number Per cent 


( Darkness 

0 j.-c.. 

; Lights 

9 j.-c. 

intensity) 


Darkness 

DRBG*1 123 2.56 

Red 

204 

Light 

4.25 

Blue 

849 

Light 

17.69 

Green Light 

3,624 75.50 

Total 

4,800 100 
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Tahlk X111 — Cost. 


Exp. Xumber Per cent 

Xuniber Per cent 

Xumber Per cent 

Xumber Per cent 

Number Per eent 


(Darkness: 0 j.-c., 

■ Lights 9 j.-e. 

intensity) 


Darkness 

Green Light 

Blue Light 

Red Light 

Total 

60 1.25 

4.074 84.88 

624 13.00 

42 0.87 

4,800 100 

Darkness 

Green Light 

Blue Light 

Red Light 

Total 

Total 183 1.01 

7,698 80.19 

1,473 15.34 

246 2.56 

9,600 100 


Table XTV 

Fecords of preference reactions of the northern anchovy (Engraulis niordax 
Girard) to white and monochromatic liyhts arranged so as to approximately dupli¬ 
cate vertical distrihiition of sunlight speetrmn in water mass. Xi}ie fish were used 
in each test. 


Blue Light Green Light Daylight Total 




intensit 

V 0.5 j.-e. 

Intensity 

- - 7.5 j.-c. 

Intensity 

— 16 j.-c. 







Frequeney 

oj OccurrcuK 





Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

X umber 

Per cent 

Xumber Per cent 

DLGB-l 

1 

245 

27.22 

422 

46.87 

233 

25.89 

900 

100 

“ 

2 

216 

24.00 

448 

49.78 

236 

26.22 

900 

100 


3 

207 

23.00 

435 

48.73 

258 

28.67 

900 

100 


4 

216 

24.00 

411 

45.67 

273 

30.33 

900 

100 


5 

175 

19.44 

432 

48.00 

293 

32.56 

900 

100 


6 

186 

20.67 

434 

48.22 

280 

31.11 

900 

100 


7 

201 

22.33 

416 

46.22 

283 

31.45 

900 

100 


8 

188 

20.89 

407 

45.22 

305 

33.89 

900 

100 

“ 

9 

151 

16.78 

435 

48.33 

314 

34.89 

900 

100 


10 

162 

18.00 

469 

52.11 

269 

29.89 

900 

100 


11 

156 

17.33 

472 

55.45 

272 

30.22 

900 

100 


12 

210 

23.33 

455 

50.56 

235 

26.11 

900 

100 

Total 

12 

2,313 

21.42 

5,246 

48.57 

3,241 

30.01 

10,800 

100 



Reduced 

intensities: 









Blue 

~ 0.25 

Green 

— 3.00 

Daylight — 6.00 



r)LGB-2 

1 

275 

30.56 

400 

44.44 

225 

25.00 

900 

100 

“ 

2 

281 

31.22 

402 

44.67 

217 

24.11 

900 

100 

X 

3 

246 

27.33 

396 

44.00 

258 

28.67 

900 

100 

“ 

4 

275 

30.56 

336 

37.33 

289 

32.11 

900 

100 

“ 

5 

231 

25.67 

379 

42.11 

290 

32.22 

900 

100 


6 

226 

25.11 

416 

46.22 

258 

28.67 

900 

100 


7 

199 

22.11 

428 

47.56 

273 

30.33 

900 

100 


8 

203 

22.56 

406 

45.11 

291 

32.33 

900 

100 


9 

210 

23.33 

425 

47.22 

265 

29.45 

900 

100 


10 

221 

24.55 

421 

46.78 

258 

28.67 

900 

100 


11 

157 

17.44 

386 

42.89 

357 

39.67 

900 

100 


12 

219 

24.33 

396 

44.00 

285 

31.67 

900 

100 

Total 


2,743 

25.40 

4,791 

44.36 

3,266 

30.24 

10,800 

100 
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Tables XV-XVfl 

Records of experinients ttsiuc/ the tico-zone tests for detenu iuiu() the preference 
reavtious of the northern anehory (Engraiilis mordax Girard) to monoehroniatic 
lights (blue, green, and red) and black light (ultraviolet radiation) presented in 
contrasting pairs. A light intensity of iL.l foot-candle was maintained for all light 
sources applied. Two experimey\ts icere run using each contrasting pair of lights: 
each experiment consisted of twelve tests of RP) recorded observations of distribu¬ 
tion of eight anchovies subjected to testing. Fluorescent tubes of General Electric 
manufacture 2)" long and gelatine filters of Rascoe laboratories as sources for the 
blue, green, and red lights used in the present study were the same as described 
by Loukashkin and Grant (lUMi) in their experiments with the Pacific Sardine. 

For ultraviolet radiation a fiuorescent "black light" tube of the same length as 
the monochromatic light tubes was used (General Electric, F20TJ2/RLII), 


Table A'y 



Blue Light 



ritravwlel 

Radiation 

Total 




Frequency 

of Occurrence 




Exp. 

Test 

Number 

Per eenl 

Number 

Per cent 

Number 

Per cent 

UL-1 

1 

507 

63.37 

293 

36.63 

800 

100 

‘‘ 

2 

554 

69.25 

246 

30.75 

800 

100 


3 

509 

63.63 

291 

36.37 

800 

100 


4 

584 

73.00 

216 

27.00 

800 

100 

“ 

5 

507 

63.37 

293 

36.63 

800 

100 


6 

420 

52.50 

380 

47.50 

800 

100 


7 

394 

49.25 

406 

50.75 

800 

100 


S 

285 

35.63 

515 

64.37 

800 

100 


9 

400 

50.00 

400 

50.00 

800 

100 


10 

264 

33.00 

536 

67.00 

800 

100 


11 

321 

40.13 

479 

59.87 

800 

100 


12 

308 

38.50 

492 

61.50 

800 

100 

Total 

12 

5,053 

52.62 

4,547 

47.37 

9,600 

100 

UL-2 

13 

423 

52.87 

377 

47.13 

800 

100 

“ 

14 

415 

51.87 

385 

48.13 

800 

100 

“ 

15 

417 

52.12 

383 

47.88 

800 

100 


16 

388 

48.50 

412 

51.50 

800 

100 


17 

397 

49.63 

403 

50.37 

800 

100 


18 

383 

47.88 

417 

52.12 

800 

100 

“ 

19 

363 

45.38 

437 

54.62 

800 

100 


20 

389 

48.63 

411 

51.37 

800 

100 

“ 

21 

359 

44.88 

441 

55.12 

800 

100 

“ 

22 

331 

41.38 

469 

58.62 

800 

100 


23 

322 

40.25 

478 

59.75 

800 

100 


24 

332 

41.50 

468 

59.50 

800 

100 

Total 

12 

4,519 

47.07 

5,081 

52.93 

9,600 

100 

Grand 








Total 

24 

9,572 

49.85 

9,628 

50.15 

19,200 

100 
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Blue Light 

Ultraviolet Radiation 

Total 

Frequency of Oeeurrence 

Exp. 

Test 

X umber 

Per cent 

Number 

Per cent 

Number 

Per cent 

UL-3 

1 

432 

54.00 

368 

46.00 

800 

100 


2 

441 

55.12 

359 

44.88 

800 

100 


3 

422 

52.75 

378 

47.25 

800 

100 


4 

432 

54.00 

368 

46.00 

800 

100 


5 

468 

58.50 

332 

41.50 

800 

100 

“ 

6 

427 

53.37 

373 

46.63 

800 

100 

“ 

7 

470 

58.75 

330 

41.25 

800 

100 


S 

426 

53.25 

374 

46.75 

800 

100 


9 

419 

52.37 

381 

47.63 

800 

100 


10 

470 

58.75 

330 

41.25 

800 

100 


11 

432 

54.00 

368 

46.00 

800 

100 

“ 

12 

426 

53.25 

374 

46.75 

800 

100 

Total 

12 

5,265 

54.84 

4,335 

45.16 

9,600 

100 

UL-4 

13 

462 

57.75 

338 

42.25 

800 

100 

“ 

14 

449 

56.12 

351 

43.88 

800 

100 


15 

467 

58.37 

333 

41.63 

800 

100 

“ 

16 

386 

48.50 

414 

51.50 

800 

100 


17 

428 

53.50 

372 

46.50 

800 

100 


18 

436 

54.50 

364 

45.50 

800 

100 

*• 

19 

462 

57.75 

338 

42.25 

800 

100 


20 

449 

56.12 

351 

43.88 

800 

100 


21 

467 

58.37 

333 

41.63 

800 

100 


22 

386 

48.50 

414 

51.50 

800 

100 


23 

428 

53.50 

372 

46.50 

800 

100 


24 

436 

54.50 

364 

45.50 

800 

100 

Total 

12 

5,256 

54.75 

4,344 

45.25 

9,600 

100 

Grand 








Total 

24 

10,521 

54.79 

8,679 

45.21 

19,200 

100 




Table XVII 






Red Light 

Ultraviolet Radiation 

Total 

Frequency of Occurrence 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 


387 

43.38 

413 

51.62 

800 

100 

365 

45.63 

435 

54.37 

800 

100 

327 

40.88 

473 

59.12 

800 

100 

360 

45.00 

440 

55.00 

800 

100 

386 

48.25 

414 

51.75 

800 

100 

337 

42.13 

463 

57.87 

800 

100 

375 

46.88 

425 

53.12 

800 

100 

351 

43.88 

449 

56.12 

800 

100 

358 

44.75 

442 

55.25 

800 

100 

471 

58.87 

329 

41.13 

800 

100 


UL-5 
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Table XVII — Cont. 




Red 

Light 

Ultraviolet Radiation 

Total 




Frequency 

of Occurrence 




Exp. 

Test Number 

Per cent 

Number 

Per cent 

Number 

Per cent 


11 

444 

56.50 

356 

44.50 

800 

100 


12 

423 

52.87 

377 

47.13 

800 

100 

Total 

12 

4,584 

47.75 

5,016 

52.25 

9,600 

100 

UL-6 

13 

89 

11.13 

711 

88.87 

800 

100 

“ 

14 

93 

11.62 

707 

88.38 

800 

100 

“ 

15 

136 

17.00 

664 

83.00 

800 

100 


16 

117 

14.62 

683 

85.38 

800 

100 


17 

156 

19.50 

644 

80.50 

800 

100 

“ 

IS 

109 

13.62 

691 

86.38 

800 

100 

“ 

19 

35 

4.38 

765 

95.62 

800 

100 

“ 

20 

25 

3.12 

775 

96.88 

800 

100 


21 

6 

0.75 

794 

99.25 

800 

100 


22 

10 

1.25 

790 

98.75 

800 

100 


23 

0 

0.00 

800 

100.00 

800 

100 

“ 

24 

21 

2.62 

779 

97.38 

800 

100 

Total 

12 

797 

8.30 

8,803 

91.70 

9,600 

100 

Grand 

Total 

24 

5,381 

28.03 

13,819 

71.97 

19,200 

100 

Records 

of 

Table 

preference reactions of 

: XVIIT 

the northern 

anchovy 

(Engrauiis 

mordax 


(iivarcl) to white light and ultraviolet rays presented simultaneously in a two-zone 
tank. Eight fish were used in each test. 

White light s « h <* Ultraviolet zone 

Two G.E. 15<vatt 
Two G.E. 1 5-watt incandescent lamps 




incandescent lamps. 
Intensity 10.5 joot- 
candles 

Frequency 

and 1 fluorescent 

G.E. "'Black light" 
tube. Intensity 10.5 
f.-c. 

of Occurrence 

Total 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

UL-7 

1 

282 

35.25 

518 

64.75 

800 

100 


2 

240 

30.00 

560 

70.00 

800 

100 


3 

316 

39.50 

484 

60.50 

800 

100 

“ 

4 

325 

40.63 

475 

59.39 

800 

100 

“ 

5 

328 

41.00 

472 

59.00 

800 

100 


6 

302 

37.75 

498 

62.25 

800 

100 


7 

482 

60.25 

318 

39.75 

800 

100 


8 

520 

65.00 

280 

35.00 

800 

100 


9 

546 

68.25 

254 

31.75 

800 

100 
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Table XVIII — ( 'ont. 


W/iilt light zone Ultraviolet zone 

Tu'o G.E. 15-wati 

TiVO G.R. 15-ivalt incandescent lamps 

incandescent lamps. and 1 fluorescent 

Intensity 10.5 foot- G.E. ‘‘Black light" 

candles tube. Intensity 10.5 

Frequency oj Occurrence 

Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 


10 

480 

60.00 

320 

40.00 

800 

100 

“ 

11 

484 

60.50 

316 

39.50 

800 

100 

“ 

12 

434 

54.25 

366 

45.75 

800 

100 

Total 

12 

4,739 

49.37 

4,861 

50.63 

9,600 

100 

UL-8 

13 

463 

57.87 

337 

42.13 

800 

100 


14 

427 

53.37 

373 

46.63 

800 

100 


15 

416 

52.00 

384 

48.00 

800 

100 


16 

474 

59.25 

326 

40.75 

800 

100 


17 

459 

57.37 

341 

42.63 

800 

100 


18 

436 

54.50 

364 

45.50 

800 

100 


19 

366 

45.75 

434 

54.25 

800 

100 


20 

373 

46.63 

427 

53.37 

800 

100 


21 

371 

46.38 

429 

53.62 

800 

100 


22 

358 

44.75 

442 

55.25 

800 

100 


23 

331 

41.38 

469 

58.62 

800 

100 


24 

378 

47.25 

422 

52.75 

800 

100 

Total 

12 

4,852 

50.54 

4,748 

49.46 

9,600 

100 

Grand 








Total 

24 

9,591 

49.84 

9,609 

50.16 

19,200 

100 




Table XIX 




Records of preference reactions of the 

northern 

anchovy 

(Engraulis 

mordax 

Girard) to 

white light 

and ultraviolet rays 

presented 

in pairs 

in a two-zone tank. 

Eight fish 

were itsed in 

each test. 







General Electric 100-watt mercury spot- 





light lamp suspended 

over the middle oj 





the 

tank. Intensity 

500A joot-eandles 





Zone “A" covered 

Zone “ 

B" free for 


Total 



with clear glass to 

ultraviolet radiation 





filter out ullravio- 







let 

rays 








Frequency of 

Occurrence 




Exp. 

Test 

Number 

Per cent 

Number 

Per cent 

Number Per cent 


663 

82.87 

137 

17.13 

800 

100 

704 

88.00 

96 

12.00 

800 

100 

639 

79.85 

161 

20.15 

800 

100 

569 

71.12 

231 

28.88 

800 

100 

347 

43.38 

453 

56.62 

800 

100 


UL-9 
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Table XIX — (\)Xt. 


General Electric lOO-watt mercury spot¬ 
light lamp suspended over the middle oj 
the tank. Intensity 500 + joot-candles 


Zone 

“. 1 ” covered 

Zone “B" free jor 

Total 

ivith 

elear glass to 

ultraviolet radiation 


filter 

out ultravio¬ 




let rays 




Frequeney of Occurrence 

Exp. 

Test 

X umber 

Per cent 

X umber 

Per cent 

X umber 

Per cent 


6 

421 

52.62 

379 

47.38 

800 

100 

“ 

7 

418 

52.25 

382 

47.75 

800 

100 


8 

402 

50.25 

398 

49.75 

800 

100 


9 

388 

48.50 

412 

51.50 

800 

100 


10 

569 

71.12 

231 

28.88 

800 

100 

Total 

10 

5,120 

64.00 

2,880 

36.00 

8,000 

100 


Clear glass filter removed, both zones under 

efiect oj ultraviolet 

radiation 


UL-10 

1 

361 

45.13 

439 

54.87 

800 

100 


2 

375 

46.88 

425 

53.12 

800 

100 


3 

361 

45.13 

439 

54.87 

800 

100 


4 

448 

56.00 

352 

44.00 

800 

100 


5 

428 

53.37 

372 

46.63 

800 

100 

“ 

6 

440 

55.00 

360 

45.00 

800 

100 

“ 

n 

i 

441 

55.12 

359 

44.88 

800 

100 


8 

450 

56.25 

350 

43.75 

800 

100 


9 

416 

52.00 

384 

48.00 

800 

100 


10 

456 

57.00 

344 

43.00 

800 

100 

Total 

10 

4,176 

52.20 

3,824 

47.80 

8,000 

100 


To check the role of the glass filter in experitnent UL-if, it was introduced 
again, but instead of Kid-watt mercury syotlight (ultraviolet) KEN-Rad SOO-watt 
reflector flood light (white) lamps were installed in each zone. Light intensity was 
dO0~{- foot-candles. The results are shown below. 


UL-ll 



Zone ". 4 ” eo\ 

vered with glass 

Zone 

open free 

Total 

1 

432 

54.00 

368 

46.00 

800 

100 

2 

431 

53.87 

369 

46.13 

800 

100 

3 

398 

49.75 

402 

50.25 

800 

100 

4 

393 

49.12 

407 

50.88 

800 

100 

5 

408 

51.00 

392 

49.00 

800 

100 

6 

404 

50.50 

396 

49.50 

800 

100 

7 

371 

46.38 

429 

53.62 

800 

100 

8 

420 

50.25 

380 

49.75 

800 

100 

9 

371 

46.38 

429 

53.62 

800 

100 

10 

40S 

51.00 

392 

49.00 

800 

100 


50.45 3,904 49.55 8.000 100 


Total 


10 


4,036 
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Tap.lp: XX 


Records of preference reactions of the northern anchovy (Engraulis mordax 
(iirard) to white Vujht and ultraviolet rays presented in pairs in a two-zone tank. 
Fi.r fish were used in each test. Experiment UL-U shows typical distribution of the 
fish when white light alone was applied, and experiment VL-lA shows change in dis- 


trihution 

after replacing the 

vh it e-light 

lamp in one of the zones 

with a 

lam p 

producing 

ultraviolet 

radiation. 





Exp. 

Test 

/.out ‘’.I* 


Zone “/>*” 

Total 




Frequency 

of Occurrence 






X umber 

Per cent 

Number 

Per cent 

Number 

Per cent 



KEX-R.iD 300-watt 
reflector flood light 
lamp (white) In¬ 
tensity 225 f.-r. 

KEN-R.4D 300-watt 
reflector flood light 
lamp (white) In¬ 
tensity 225 f.-c. 



UL-12 

1 

240 

40.00 

360 

60.00 

600 

100 


2 

263 

43.84 

337 

56.16 

600 

100 


3 

270 

45.00 

330 

55.00 

600 

100 


4 

280 

46.67 

320 

53.37 

600 

100 


5 

300 

50.00 

300 

50.00 

600 

100 


6 

240 

40.00 

360 

60.00 

600 

100 


7 

280 

46.67 

320 

53.37 

600 

100 


S 

340 

56.67 

260 

43.33 

600 

100 


M 

335 

55.83 

265 

44.17 

600 

100 


10 

360 

60.00 

240 

40.00 

600 

100 

Total 

10 

2,908 

48.47 

3,092 

51.53 

6,000 

100 



KEN-R.4D 300-watt 
reflector flood light 
lamp (white) In¬ 
tensity 225 j.-c. 

G.E. 100-watt mer¬ 
cury spotlight lamp 
(ultraviolet). In¬ 
tensity 225 j.-c. 



UL-13 

1 

600 

100.00 

0 

0.00 

600 

100 


2 

477 

79.50 

123 

20.50 

600 

100 


3 

387 

64.50 

213 

35.20 

600 

100 


4 

404 

67.33 

196 

32.67 

600 

100 


5 

372 

62.00 

228 

38.00 

600 

100 


6 

380 

63.33 

220 

36.67 

600 

100 


7 

400 

66.67 

200 

33.33 

600 

100 


S 

420 

70.00 

180 

30.00 

600 

100 


9 

480 

80.00 

120 

20.00 

600 

100 


10 

406 

67.67 

194 

32.37 

600 

100 

Total 

10 

4.326 

72.10 

1,674 

27.90 

6,000 

100 
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Records of preference responses of the northern anchovy (Engraulis mordax 
(Tirard) to infrared 7'adiation and total darkness in a two-zone tank. Eiyht fish were 
used in each test. 


Exp. 

Test 

Infrared Radiation 

Total Darkness 

Total 



G.E. 250-watt re- 

.Absolute Darkness 





flector 

heat lamp 







with red coating 
and Corning infra¬ 
red transmitting fil- 







ter. 









Frequency 

of Occurrence 






Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

IXF-1 

1 

167 

69.58 

73 

30.42 

240 

100 


2 

135 

56.25 

105 

43.75 

240 

100 


3 

135 

56.25 

105 

43.75 

240 

100 


4 

106 

44.17 

134 

55.85 

240 

100 


5 

162 

67.50 

78 

32.50 

240 

100 


6 

96 

40.00 

144 

60.00 

240 

100 


7 

98 

40.83 

142 

59.17 

240 

100 


8 

74 

30.84 

166 

69.16 

240 

100 


9 

153 

63.75 

87 

36.25 

240 

100 


10 

106 

44.17 

134 

55.83 

240 

100 

Total 

10 

1,232 

51.33 

1,168 

48.67 

2,400 

100 



Total Darkness 

Total Darkness 



INP"-2 

1 

170 

70.83 

70 

29.19 

240 

100 

“ 

2 

124 

51.67 

116 

48.33 

240 

100 


3 

105 

43.75 

135 

56.25 

240 

100 


4 

116 

48.33 

124 

51.67 

240 

100 


5 

120 

50.00 

120 

50.00 

240 

100 


6 

95 

39.58 

145 

60.42 

240 

100 


7 

96 

40.00 

144 

60.00 

240 

100 

“ 

8 

86 

35.83 

154 

64.17 

240 

100 


!) 

150 

62.50 

90 

37.50 

240 

100 


10 

104 

43.33 

136 

56.67 

240 

100 

Total 

10 

1,166 

48.58 

1,234 

51.42 

2,400 

100 



Infrared: 

Visible Red. 

Total Daikness 





Corning 

filter cracked 







and began to transmit 







visible ri 

‘'d in the in- 







tensity 

about 0.001 
f.-c. 





INF-3 

1 

124 

51.67 

116 

48.33 

240 

110 


2 

183 

76.25 

57 

24.75 

240 

110 


3 

170 

70.83 

70 

29.17 

240 

100 


4 

166 

69.17 

74 

30.83 

240 

100 


5 

166 

69.17 

74 

30.83 

240 

100 


6 

192 

80.00 

48 

20.00 

240 

100 


7 

196 

81.67 

44 

18.33 

240 

100 


8 

201 

83.75 

39 

16.25 

240 

100 

“ 

9 

192 

80.00 

48 

20.00 

240 

100 


10 

190 

79.17 

50 

20.83 

240 

100 

Total 

10 

1,780 

74.17 

620 

25.83 

2,400 

100 
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Table XXIT 

Records of preference reactions of the northern anchovy (Engraulis mordax 
Girard) to white light and infrared radiation in a two-zone tank. Eight fish were 
used in each test. 

py.p Xgst Clear Light Infrared Radiation Total 

KEN-RAD 300-ivatt G.E 250-watt rejiec- 

refiector flood light tor infrared (heat) 

lamp. Light inten- industrial lamp 

sity ~ 500 f.-c. (white bulb). Light 

intensity - 500 f.-c. 

Frequency of Occurrence 




Number 

Per eent 

Number 

Per cent 

Number 

Per cent 

TNF-4 

1 

377 

47.13 

423 

52.87 

800 

100 

“ 

2 

352 

44.00 

448 

56.00 

800 

100 


3 

370 

46.25 

430 

53.75 

800 

100 


4 

363 

45.38 

437 

54.62 

800 

100 


5 

365 

45.63 

435 

54.37 

800 

100 


6 

352 

44.00 

448 

56.00 

800 

100 


7 

406 

50.75 

394 

49.25 

800 

100 


S 

399 

49.88 

401 

50.12 

800 

100 


9 

393 

49.13 

407 

50.97 

800 

100 


10 

480 

60.00 

320 

40.00 

800 

100 


11 

441 

55.12 

359 

44.88 

800 

100 


12 

413 

51.62 

387 

48.38 

800 

100 

Total 

12 

4,711 

49.07 

4,889 

50.93 

9,600 

100 

lNF-5 

13 

415 

51.87 

385 

48.13 

800 

100 


14 

405 

50.62 

395 

49.38 

800 

100 


15 

413 

51.62 

387 

48.38 

800 

100 


16 

471 

58.87 

329 

41.13 

800 

100 


17 

401 

50.12 

399 

49.88 

800 

100 


18 

442 

55.25 

358 

44.75 

800 

100 


19 

388 

48.50 

412 

51.50 

800 

100 


20 

379 

47.38 

421 

52.62 

800 

100 


21 

344 

43.00 

456 

57.00 

800 

100 


22 

385 

48.13 

415 

51.87 

800 

100 


23 

364 

45.50 

436 

54.50 

800 

100 


24 

389 

48.63 

411 

51.37 

800 

100 

Total 

12 

4,796 

49.96 

4,804 

50.04 

9,600 

100 

Grand 

Total 

24 

9,507 

49.52 

9,693 

50.48 

19,200 

100 
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Table XXJ 11 


Records of prefereuce rcoctioiis of the northern anchovy (Eiigraulis mordax 
Girard) to white light and i)ifrared radiation plus visible light in a tico-zone tank. 
Eight fish were used i7i each test, 

Exp. Test White Light Iujrated Radiation Total 

Fluorescent tube Fluorescent tube 

''Soft White” light; "Soft White” light. 


Intensity 25 f.-c. 

and G.E. 600-watt 
electric heater. In¬ 
tensity 25 f.-c. 


Frequency 

of Occurrence. 


Number Per cent 

Number Per cent 

Number Per cent 


IXF-G 

1 

374 

4G.75 

42G 

53.25 

800 

100 

- 

2 

390 

48.75 

410 

51.25 

800 

100 


3 

373 

4G.G3 

427 

53.37 

800 

100 


4 

40G 

50.75 

394 

49.25 

800 

100 


5 

389 

4S.G3 

411 

51.37 

800 

100 


G 

404 

50.50 

396 

49.50 

800 

100 


7 

438 

54.75 

362 

45.25 

800 

100 


8 

459 

57.37 

341 

42.63 

800 

100 


9 

410 

51.50 

390 

48.50 

800 

100 


10 

434 

54.25 

366 

45.75 

800 

100 


11 

429 

53.G2 

371 

46.38 

800 

100 


12 

425 

53.12 

375 

46.88 

800 

100 

Total 

12 

4,931 

51.3G 

4,669 

48.64 

9,600 

100 

INF-7 

13 

419 

52.37 

381 

47.63 

800 

100 


14 

458 

57.25 

342 

42.75 

800 

100 


15 

420 

52.50 

380 

47.50 

800 

100 


IG 

387 

48.38 

413 

51.62 

800 

100 


17 

415 

51.87 

385 

48.13 

800 

100 


18 

388 

48.50 

412 

51.50 

800 

100 


19 

394 

49.25 

406 

50.75 

800 

100 


20 

449 

5G.12 

351 

43.88 

800 

100 


21 

402 

50.25 

398 

49.75 

800 

100 


22 

435 

54.37 

365 

45.63 

800 

100 


23 

41G 

52.00 

384 

48.00 

800 

100 


24 

429 

53.62 

371 

46.38 

800 

100 

Total 

12 

5,012 

52.21 

4.588 

47.79 

9,600 

100 

Grand 








Total 

24 

9,943 

51.79 

9,257 

48.21 

19,200 

100 
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l^ecords of preference reactions of the northern anchovy (FJngraulis mordax Girard) to lifiht gradient tests using four- 
zone tank and irhife light (incandescent lamps) ranging in its intensity from la to ahii foot-candles. Ten fish were used in 
each test. 
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1,420 14,20 3,021 30.21 3,716 37.16 1,843 18.43 10,000 100 
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Table XXVI 


Records of ijreferoiee reactions of the northern anchovy (Engraulis mordax 
Girard) to different intensities of n'hite Uyht presented in sharply contrasting pairs 
in a tU' 0 -zo}ie tank. Eight fish irere used each test. 




Zone “.4” 

Zone 







Frequency 

of Occurrence 




Exp. 

Test 

X umber 

Per cent 

Number 

Per cent 

Number 

Per cent 



(A) 

500 f.-c. 

20 /.- 

c. 



INT-4 

1 

256 

32.00 

544 

68.00 

800 

100 

“ 

2 

297 

37.11 

503 

62.89 

800 

100 

“ 

3 

275 

34.38 

525 

65.62 

800 

100 

Total 

3 

828 

34.50 

1,572 

65.50 

2,400 

100 



(B) 

500 j.-c. 

10 /.- 

■c. 



INT-5 

1 

319 

39.88 

481 

60.12 

800 

100 

“ 

2 

302 

37.75 

498 

62.25 

800 

100 

“ 

3 

226 

28.25 

574 

71.75 

800 

100 

Total 

3 

847 

35.29 

1,553 

64.71 

2,400 

100 



(C) 

500 f.-c. 

5 /.- 

•r. 



INT-6 

1 

335 

41.88 

465 

58.12 

800 

100 

“ 

2 

334 

41.75 

466 

58.25 

800 

100 


3 

285 

35.63 

515 

64.37 

800 

100 

Total 

3 

954 

39.58 

1,446 

60.42 

2,400 

100 



(D) 

500 f.-c. 

2 /. 

-f. 



INT-7 

1 

210 

26.25 

590 

73.75 

800 

100 

“ 

2 

127 

15.88 

673 

84.12 

800 

100 

“ 

3 

54 

6.75 

746 

93.25 

800 

100 

Total 

3 

391 

16.29 

2,009 

83.71 

2,400 

100 

(trand 








Total 

12 

3,020 

31.48 

6,580 

68.52 

9,600 

100 


IV. Disrussiox 

(1) Oil responses of the northern anchovy to monochromatic liglits in re¬ 
lation to reactions of other species. 

As stated in tlie introduction, the ex])eriments described in the precedino' 
pa»es were carried out as a ])art of the genei*al study on color vision in cer¬ 
tain s])ecies of the marine pelagic fishes of the Pacific Ocean. The fii*st 
stage of this study was published in 1959 liy the ju'esent investigators. At 
that time they studied the Pacific sardine to d(dei‘inine the influence of 
nionochi'omatic and white lights and dai'kness as environmental stimuli foi* 
elucidation of behavioral changes in schooling ])attei*ns and conversely to 
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deleriiiiiie tlie al)ility of tlie sai'dine to diseriminate colored and wlute lights 
qualitatively. Those expei-iiiients demonstrated clearly that different lights 
and darkness do affeet school behavioi* and schooling- pattei-ns; also shown 
was the ability of the sardine to discriminate between liohts on the ])asis of 
wave leno'th. The sardines were attracted most of all by green light; they 
wei-c repelled by both red light and total darkness (konkashkin and Grant, 
1959 )." 

The results of recent ex})eriments with the noi'thern anchovy, to detei*- 
mine their ability to discriminate among differently colored lights and dai'k- 
ness, are sti'ikingly similar to those obtained in the exi)eriments with the 
Pacific sai'dine. The anchovy, howevei*, was able to diffei‘entiate green light 
from the bine, while the sardine faihsl to do so. In choice exp(n*iments in 
which the bine and wliite lights were ]>resented i*esponses of the anchovy 
in favor of the bine light (52.15 per cent) were lower than those of the 
sardine (73.05 per cent). Gom])ai-ative data on the responses of these two 
species are assembled in the table XXVTT. 


Table XXVII 

Comparison of preference reactions of the northern anchovy and Pacific sardine 
to monochromatic and white lights in a two-zone tank. 




Responses 

in per eent 


Description 

Li ^ lit source 

Light Souree 

Anchovy . 

Sardine . 


Green 

.. 75.34 

. 78.63 

White 

24.66 

21.37 

Anchovy . 

Sardine . 


Green 

. 97.86 

. 95.25 

Red 

2.14 

4.17 

Anchovy . 

Sardine . 


Green 

73.18 

. 49.17 

Blue 

26.82 

50.83 

Anchovy . 

Sardine . 


Blue 

.. 52.15 

. 73.05 

White 

47.85 

26.95 

Anchovy . 

Sardine . 


Blue 

. 81.60 

. 97.26 

Red 

18.40 

2.74 

Anchovy . 

Sardine . 


Red 

. 11.61 

. 12.43 

White 

88.39 

87.57 


^ Verheijen (1956, 1958, 1959), speaking of the mass gathering phenomena of certain clupeids under the 
light at night at sea, disqualifies the interpretation of these phenomena in terms of “positive photota^xis,” 
“being attracted,” “intensity preferendum,” or “light optimum.” He considers all of them unsatisfactory and 
he attributes the above phenomena merely to a “mass photic disorientation” of the fish. 
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ill lh{‘ series of ex})eriinents eoinpariii^' the effects of <>'reen, })lue, recL 
and white lights in a two-zone tank (tables I, II, III, V, VI, VIII) only 
2,315 fish or 10.72 per cent out of 21,600 fisli responded positively to red 
light, and 19,285 fish or 89.28 per cent resjionded positively to the other 
lights. Tlie negative reaction of the sardine toward red light was stronger: 
of 36,000 fish, 2.300 or 6,67 per cent were found in the red-light zone, and 
33,610 fish or 93.33 ])er cent in the other light zones. roin])arative data are 
shown below to better illustrate the preferential responses of the anchovy 
and sardine to colored and white lights. 

Table XXVIll 


Responses m per rent 

Description Anchovy Sardine 


(A) 

Green . 

Blue, Red, White together . 

. 82.13 

. 17.87 

74.35 

25.65 

(B) 

Blue ... 

Green, Red, White together . 

. 53.52 

46.48 

73.71 

26.29 

(C) 

Red . 

Green, Blue, White together .. 

. 10.72 

. 89.28 

6.67 

93.33 

(D) 

White . 

Green, Blue, Red together . 

. 53.63 

. 46.37 

45.30 

54.70 


In the three- and four-zone tank (tables XII, XIII, and XIV) green 
light was found to have the same effect as in the two-zone tank. The 
anchovies consistently responded in favor of the green light regardless of 
the intensities of the o])posing lights. As was true for sardines (Loukashkin 
and Grant, 1959), anchovies were attracted mostly by the blue-green region 
of the spectrum. They showed a preference for green light over blue, for 
green over red, and for green over white. A preference for blue, in the ab¬ 
sence of green, over red and white was also evident. Similar results were 
obtained by Breder (1959) in his experiments using monochromatic lights 
of low intensities (2 foot-candles) on SardincIIa macrojdithalma^ Jenkinsia 
Jamprotaenia, and some other fishes. Tie observes that, when contrasting 
colored lights are ])resented in pairs, ^^a general tendency is evident for 
fishes to respond more definitely toward the shorter wave lengths (the blue 
and greens) and much less toward the longer wave lengths (reds).” 

The attractive value of the blue-green region of the sj)ectrum was dem¬ 
onstrated in experimental studies by several Japanese behaviorists on young 
marine fishes, such as Oplegnailius fdsciatus, Step]i(nwlepis cirrhifer, 
SeomheroDiorus niphonius, Fugn nipJiohIcs, Fngu rnhripcs, ^Ingil cepJiahis, 
GirelJa punetafic Pcmplicris japonicdy Traehuvm jdponicus, and the fresh- 
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water Onjzias latipes (Kawamoto, 1959; Kawamoto and Konislii, 1952; 
Kawamoto and Takeda, 1950, 1951; Ozaki, 1951). 

Protasov (1957) investi^’ated tlie responses of several species of the 
Black Sea fishes to monochromatic and white lights in the seaqnaria of the 
Sebastopol Biological Station, lie found that the oml)i*e, Corvhui yvihnt, 
responded positively to violet, blue, light blue, green and white lights, and 
even to ultraviolet rays. The juvenile sturgeon “sevriuga,” Acipenser 
sfrllafus, was found to be phototatic to all types of lights a])plied but the 
responses were rather quantitative in character. The fish reacted })ositively 
only to higher intensities of the light, regardless of color. The horsemackerel 
“stavrida," Trachurus trachurus, displayed indifference to the blue-green 
region of the spectrum, but when the intensity of the light was increased 
( X b ) the fish reacted negatively. This fish responded less positively to 
white light than to red, especially when water temperature was lowered.® 

A year later, Protasov (1958) published the results of his studies on the 
sensitivity of the fish eye to different wave lengths of light, establishing 
lioundaries of the visible spectrum for certain marine and freshwater fishes, 
as shown in the following table: 


Species 

Tn}(}o n pastin a ea 
Acipenser sfelhifus 
Mvgil (luraf us . . . 
Scorpaena poreus , 
S Hunts f/lanis . . . 
(Ufprinus earpio . 
Sfptttlus acanthids 


Limits in millimicrons 


420 — 

G20 

420 — 

700 

430 — 

700 

400 — 

::::: 600 

500 — 

-700 

480 — 

700 

400 — 

620 


lie also tested the ability of the fish to dis(U*iminate monochromatic 
lights regardless of their intensities, ai)i)lying the electrophysiological 
method suggested by Bongard (1955) and Bongai‘d and Smirnova (1959). 
This study revealed that Mugil (turofus could distinguish blue, green, red, 
and 01 ‘ange lights from one anothei*, Init failed to distinguish lilue from the 
violet and '^extreme red" from red. Scorpaena poreus could discriminate red, 
yellow, orange, green, blue, and light-blue lights, Imt was unalile to discrim¬ 
inate violet from the lilue and “extreme red" from the red. The Black Sea 
turbot. Rhombus macoticus, could distinguish blue, light blue, gi’een, yellow, 
orange, and red lights, Imt could not differentiate violet from the blue.' 

® The rather unusual reaction of the Black Sea horsemackerel (in view of the Kawamoto experiments 
with the Japanese horsemackerel) had been reported earlier by Safianova ( 1952), who demonstrated preferen¬ 
tial reactions of this fish to the orange-red illumination. 

' Protasov's studies would have been more complete had he determined the ability of his fishes to react 
preferentially to certain veave lengths as well. 
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As to tlie rcs])onses oT marine fislies to monochromatic lights in cxi)ori- 
ments under natural conditions in the open sea, there are several rei)orts 
of interest to be mentioned in connection with the present study. Pochekaev 
(11)49), testing the effects of overhead and submerged electric lights in the 
inshore watei's of Sakhalin Island as possible attractants in local fisheries, 
obtained positive ])hototactic reactions as follows: (1) of the pond smelt, 
Ify}>omfsus oUdus: saury, ('oJokihis saint; and Eastern dace Leuciscus 
hrandfi (all thi'ce in juvenile stage) to white, yellow, and violet lights; (2) 
adult dace, to white and yellow (violet liglit was not used); and (3) trout 
“kundzha," SaJvflinus leueomaenis, pond smelt and saury (all adult), to 
white light (the other two sources were not used).* 

In addition to Pochekaev s data on pond smelt, Bai'anov (1955) found 
this fish also i*esponded readily to and aggi’cgated in quantities around sub- 
mei'ged electric lamps emitting blue, red, and white light, the latter ap- 
imaring to be the mo]*e effective attraetant. As to the saury, Yudovieh 
(1956) and Gristehenko rt al. (1957) descilbed the effectiveness of the 
blue and red lights in expeilmetital sauiw catches in the noillnvcstern 
Pacific. The bine light was used to attract the fish to the vessel (u]) to forty 
500-watt incandescent lamps were installed along one side of the vessel); 
the red light (not more than foui* 500-watt incandescent lamps on the op- 
]>osite side of the vessel) was used foi' operational purposes. When an aggre¬ 
gation would fo]‘m in tlie blue light zone, the light would be extinguished 
and the red lam])s would l)e turned on. The fish aggi'Cgation then would 
move fi’om the darkened zone into the new dimly illuminated red zone 
where conical lift nets oi* l)lanket nets were installed. Td)oii lifting the nets, 
the ]‘ed lights would be tuiaied off and the blue liglits turned on. This ])ro- 
cednre would be repeated several times at one night light station.^ 

Experiments carried out by Japanese fishery biologists in the open sea 
revealed the effectiveness of other monochromatic lights in attracting saury. 
Inght of 4,000 angstroms (violet) wave length was found to be most ef¬ 
fective, and that of 6,000 angst I'oms (red) the least effective (Takayama, 

1956) . 

'' Pochekaev indicated that violet light attracted the squid, Ommastrepes sloani parificus, in great masses. 
A marked preference for violet light over both yellow and white lights was displayed by an instant phototaxis 
following switching on of the violet lamp and in a short time by the mass aggregation of the squid schools 
within the illuminated zone. The other two lights were found to be good attractants too, but to a much lesser 
degree. Positive phototaxis toward white light was recorded for the California squid, Loligo opalescens, by 
Radovich and Gibbs (1954) and for the Mediterranean squid, LoJigo vulgaris, by Verheijen (1958). 

” The use of a two-light arrangement as described by Vudovich (1956) and Gristehenko (1957) was 
introduced in the saury fisheries industry of Japan in the years following the end of World War II: it has 
been highly appreciated by the fishermen whose catches have rapidly increased (Parin, 1956; Pokrovsky, 

1957) . The total annual landings of saury in prewar years (1936-1939) in Japan, before the use of artificial 
lights, amounted to less than 10,000 metric tons. With introduction of light attractants, the catch in 1947 
reached 22,900 metric tons; in 1950, 126,400 metric tons; and in 1954, 292,700 metric tons (Rass, 1956). 
liy 1957 the number of fishing vessels with electric-light equipment employed in saury fi.sheries exceeded 
2,000: the annual catch for the same year reached 375,000 metric tons (Fukuhara, 1959). 
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111 experimental studies of natural visual responses of the yellowfin tuna, 
Xeothvnnus macvopti vus, and little tunny, Euthijnnm jjaito, in the Hawaii 
^larine Laboratory of the rniversity of Hawaii, eleidrie lights of white, 
blue, ”reen, orange, red, and yellow eolorswere applied. The fish responded 
to eolored and white lights, but “green light appeared to attrai't tuna" 
rilsiao, 1952: Tester, IhoD). 

According to Xikonorov (IDofhi), the (kispian anchovy-like s])rat 
“kilka," ('lupeondla fuf/ntulifonnis, in its natural environiueiit “prefers” 
white light emitted by the submerged electric laiii]) when this light was 
presented jiaired with green or red lights. When green and red lights were 
])reseiited together, the fish concentrated near the green laiu]). In studying 
another Casjiian sprat, (lupfonella (IdieatuUi atspup under identical en¬ 
vironmental conditions and using monochi'omatic and white lights, Borisov 
(1955) found out that the most effective attractant was ordinary white 
light. The results of his trials, exjiressed in per cent, are shown below: 


Latches made with ai)])lication of: 


white light 

. .. 57.2 

yellow light 

... 27.6 

orange light 

... 5.9 

blue light 

... 5.0 

green light 

CO 

CO 

red light 

. .. 0.5 

no light 

. . . 0.0 

Total . 

, .. 100.0 


In evaluating the results of his exploration, Borisov observed, “Here, 
apparently, is reaction to the intensity of light but not to the color of light." 
From this remark it could be assumed that light intensities of the lamps 
used by Borisov and his associates were not uniform, and therefoi'e the 
results he obtained were not conclusive. 

Duihng the present investigation, two other species of schooling marine 
fishes, occasionally available for comparative study, were subjected to the 
influence of lights. One of them, the topsmelt, Athcrinffps affinis (Ayres), 
was kept in captivity for quite a long time; the second, the Pacific hei*ring, 
dhipcua pallasii Valenciennes, had been captured at the end of the .spawning 
season and was used in tests following the fish's initial ada]dation to an 
ai-tificial environment in the lOOO-gallon display tanks of the Steinhart 
^Vquarium. The results obtained with these fishes are shown in tables below: 

Borisov^ never mentioned either light intensity figures or spectrographic values of his monochromatic 
lights in his report. This is also true for most of the Russian works cited in the present paper. 
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Table XXIX 


Records of responses of the topsmelt to monochromatic and white liphts and 
darkness. EacJt experiment consisted of five tests of KKi recorded observations on 
a (/roup of eUjht fish. Light intensity was maintained at the o foot-candle level. 


Experiment 

number 

Pair of contrasting tight zones 



Zone “A” 

Zone “5” 

Total 


Frequeney of distribution 




Number Per cent 

Number Per eent 

Number 

Per eent 

Top-1 

Green light 

Red light 




3,970 99.25 

30 0.75 

4,000 

100 

Top-2 

Blue light 

Red light 




3.610 90.25 

390 9.75 

4,000 

100 

Top-3 

Blue light 

White light 




3,400 85.25 

590 14.75 

4,000 

100 

Top-4 

Red light 

Darkness 




2,536 63.40 

1,464 36.60 

4,000 

100 

As seen from 

this table, the preference responses of the topsmelt 

were 

toward the green 

and bine lights. As in the case of the Pacific sardine and 

northern anchovy, the red light luul no attractive valne, except when it was 

opposed by darkness. 





Taisi.e 

XXX 



Records of responses of the Pacific herring to monochromatic and white 

lights. 

Each experiment consisted of five tests of 

100 recorded observations 

on a group of 

six fish. Light intensity /cas maintained at the It) foot-candle level. 



Experiment 

number 

Pair of Contrasting light zones 



Zone “A" 

Zone *‘B" 

Total 


Frequeney of 

distribution 




Number Per cent 

Number Per cent 

Number 

Per cent 

Hrg-l 

Blue light 

Red light 




2,115 70.50 

885 29.50 

3,000 

100 

Hrg-2 

Green light 

Red light 




1,591 53.10 

1,409 46.90 

3,000 

100 

Hrg-3 

White light 

Red light 




1,524 50.80 

1,476 49.20 

3,000 

100 


Possibly, because of the j)hysieal and i)hysiologieal (condition of tlie Iier- 
ring' cax)tnml dui'ing spaAvning season (in fact, a few females s})awned on 
the tanks walls soon after delivery of the captured fish), tlieir responses to 
monocln'omatic and white lights are quite different from those of the an- 
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cliovy and topsmelt. Only i]i one ot* Ihe three experiments did the heiTin»- 
display strongly negative reactions to red light and prel'erentially positive 
reaction to the contrasting light (blue). Gristchenko (Ihol) aiul Nikolaev 
(1957), speaking of the Pacific hei'ring, and Tihonov (1959)—of the At¬ 
lantic herring, state that in ex])ei‘iinents conducted in the oi)en sea they 
found seasonal changes in i)hototactical l)ehavioi‘ of this fish to the artificial 
lights. During the fattening ])eriod, both heriangs reacted ])ositively to 
light, and readily aggregated in masses in the illuminated zone. During the 
spawning season they became i)hototactically negative.This may well ex- 
])lain the confusing results shown in the table XXX. 

In closing this discussion on color vision in fishes, a tew words should 
be said about the results ot certain expei'iments in which ‘di'aining’' tech- 
nicpies havm been successfully ai)])lied (c.r/., feeding i*es])onses associated 
with a stimulus of restricted wave length). In the classical work of Reeves 
(1919) the sunfish, Lepomis (fihhosus, and horned dace, Srniofilus airo- 
maenJafus, were trained to discriminate light of longer wave lenglhs from 
light of shorter wave lengths and from clear light. lUcnnius pholis, used in 
experiments reported by Bull (1957) in which he apidied differential con¬ 
ditioning, displayed unusual ability to qualitatively discriminate mono¬ 
chromatic lights. One of the most interesting studies on color vision in fishes 
recently ])u])lished is that of Ai'ora and Sperry (1958). These investigators 
ap])lied training techni(pies too. Astronotu^ ocelldfus was used as a]i experi¬ 
mental animal. They found that this fish was able to distinguish red, blue, 
yellow, and green liglits, and painted objects from each other and from 
various shades of grey. After 1i*aining, the optic nerve was sedioned; the 
fish l)ecame blind. Regenei'alion of the sectioned o])tic nerve and restoration 
of vision took from 36 to 40 days; ui)on re('Ovei*y of vision the fish disi)layed 
an al)ility to discriminate among the colors without furtlier training. A fish 
which had not been trained pi*ior to the blinding, by sectioning of the optic 
nerve, learned color discrimination as fast as normal fish. In the o])inion 
of Aroi'a and ►Spei'ry, the fish wei‘e al)le to discriminate between colors 
(|ualitatively ratliei* than merely because of variation in intensity. In the 
much earlier woi‘k of Brown (1937), who worked with lai*ge-mouth black 
l>ass, it was concluded that, “in general, and excepting the violet, the degi*ee 
of difference of diffei'cnt colors to bass is a function of difference in wave 
length.’’ Ihichkov (1954) states, “the ability of the fish to distinguish 
colors undoubtedly exists.” Discussing the results of von Frisch’s (1933) 
experiments, Puchhov observed, “if the fish were color ])lind, it would per- 

Similar seasonal peculiarities in the behavior of certain marine fishes were recently reported by several 
Russian investigators: Parin (1956) in regard to saury; Safianova (1952, 1958) and Rp.dakov (1956) con¬ 
cerning the Black Sea anchovy, En^raulis eucrasicbolus pontica, and horsemackerel, Trachurus trai burns; 
and Lovetskaya ( 1958) about the Caspian sprat, Clupeonella delicatula caspia. 

Of the freshwater fishes, adult bream, Alhurnus albunuts, in experimental studies in the laboratory carried 
out by Privolnev (1956) displayed pliototactical periodicity wiih a change four times a year. 
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(‘eive the red color as grey, and tlnis it would mistake red eiips for the grey 
ones of eorres])onding brightness. Jlowever the fish always distinguished 
red Clips from the grey ones of different degrees of brightness." Walls 
(11)42) flatly eoneluded that “no reasonable student of the ])rol)lem [of the 
color vision in fishes] any longer doubts that fishes — all duplex teleosts at 
least—can experience hue as a sensation-quality a])art from brightness." 
Fifteen yeai's later, Brett (11)57) recognized Walls’ statement as the bevSt 
formulated conclusion to the problem. 

As to the present study of the innate ability of the northern anchovy 
to react differently to light of different wave lengths, the authors are in¬ 
clined to consider the anchovy’s perception of the applied lights strictly as 
a function of wave length apart from the intensity of the light, in accord¬ 
ance with their earliei* report on color vision in the Paeifie sardine (Lou- 
kashkin and ({i*ant, 11)51)). 

(2) On responses of the northern anchovy to ultraviolet wave length in 
I'clation to reactions of other species. 

Illumination of the aquatic media differs from that of the aerial environ¬ 
ments ])oth quantitatively and qualitatively. Clark (1954) said that the 
sunlight upon entering water undergoes many changes. First of all, about 
10 per cent or more of the light is lost ])eeau.se of reflection at the surface 
or beneath it. Traveling downwarct, the light is further modified not only 
in its intensity but also in its s])ectral and other properties. 

Baburina (1955) states that infi‘ared I'ays are absorbed in tlie first meter 
layer of water. Ninety per cent of the red i‘ays disappear within a depth of 
five meters; and ninety per cent of th(‘ green region of sunlight spectrum 
is absorbed ])efoi'e reaching thirteen meters of de])th. Only violet and 
ultraviolet rays reach a depth of five hundred metei-s. The ultraviolet rays 
were detected 1,000 and more meters below the ocean surface. In conformity 
with this she maintains that “the eye of the fish is less sensitive to the red 
and more sensitive to the yellow, g]*een, blue, and violet I'ays than the hu¬ 
man eye, but in contrast with the human eye it is also sensitive to the ultra¬ 
violet region of the spectrum." Craig and Baxter (1952), speaking of the 
]ihysiol()gical importance of the ultraviolet component of natural light in 
aquatic environments, olrserved that “in the sea water there is differential 
absorption so that the centre of maximum intensity is displaced somewhere 
towards shorter wave lengths, the jirecise effect dejiending u])on depth and 
the nature of the sea water. We should not, thei-efore, be surprised to find 
marine (U‘eatures sensitive to a range including a portion of ultraviolet 
spectimm." These theoretical reasonings concerning the aliility of the fish 

For instance, Boden ct al. (1960) found that in the Bay of Biscay sunlight passing through water 
“becomes steadily bluer with depth until at 400 meters the spectrum peaks sharply between 475 and 480 
millimicrons.” 
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(ve to ])ei‘('eivo ultraviolet wave leii.uths a])])ear to be well founded and 
correct as has lieen deiiionsti^ated by recent ex])ei‘iinents in both the o])en 
sea and in the laboratory. 

]b‘otasov (lOoT), who a])i)lied an electroi)hysiolomical method in the 
investii>’ation of vision in a number of marine fishes, obtained definite pi’oof 
that the Black Sea ombre, ('orrina uinhrd, could res])ond to ulti'aviolet I’ays 
as ])ositively as to the rays of the visilile spectrum.^" 

With facilities, sources of I'adiation, and techni({U(*s used in the i)i'esent 
study, natui-al i‘es]>onses of the anchovy to ultraviolet rays seemed to be mis- 
loadin.i»- because the fish res])onded inconsistently to ultravioh't li^ht in 
various combinations with o])i)osin,u- wave lengths of li^ht. ''rh(\se res])onses 
were found to vaiy from indiffei'ent and negative to highly ])()sitive. Be¬ 
cause of this seemin<ily individualistic and confusinm’ behavior of the anchovy 
in res])onse to the ulti'aviolet I'adiation, further eximrimentation is neces¬ 
sary, es])ecially in total dai'kness with the a]p)li('ation of better tiltei's totally 
isolating' the wave lengths of the visible region of the s])(m trum. Breder 
(11)5!)), who ex].ierienced the same difficulties with his ex])ei‘imental fishes, 
in his very ('arefully woi'ded conclusion states “thei'(‘ is some evidence to 
sui)i>ort the view that some fishes show a ])ositive reaction toward ultraviolet 
wave length, liut this recpiirc's extend(‘d analysis . . lie found out that 
males of (hunbusid s]). were idtraviokh ])ositive, the females negative. Jn his 
ex])(‘riments Adopfirhihijs Jiubhsi reacted ])ositiveh% and Anoptichihij^ 
jordani negatively in one case; both s])ecies were slightly negative in 
anothei* case. Jcnhinsid honproiacnm was found to be “ulti'aviolet ])Ositive 
to a veiy marked extent,” and Aih(rimt stipes showed an individualistic 
behavior toward the ultraviolet, being (hther attracted, oi' r(‘])elled, or in¬ 
different. ]>r(i(hjf(l<nno rerio disjilayed a strong ])ositive reaction to the 
ultraviolet radiation. 

As to the use of sources of ultraviolet radiation in tests in the open sea, 
only a few attempts have lieen made. A Xetiierlands research vessel carricMl 
out ex]>eriments along the Belgian coa.st but without success (de Boer, 
M)50). Craig and Baxter (IDbii), however, obtained immediate reactions 
of several s])ecies of marine fislu's and other marine organisms to a sub¬ 
merged source of ultraviolet radiation (bio-watt “black” ultraviolet lam])). 
They list the following fislies as influenced by ultraviolet rays: herring, 
mackerel, horsemackerel, dogfish, and whiting. Blaxter and Ibirrish (1958) 
also obtained i)ositive aggi'egation of fish around the same* soui'ce of I'adia- 
tion as used by (T'aig and Baxter, but they a.ssumed that the i'(‘actions to 
the ultraviolet light might have been “du(‘ to the fluorescence from mici'o- 
oi'ganisms in the watei'” I'ather than to the “black light” itself. 

The inconclusive results of the ex]>criments herein discussed ])i'ompt 

Of freshwater fishes, the trout and pike have been known to perceive ultra\i()let wave leni^ths of light 
C'Refiector,” 1949). 
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llie aiitliors to ('oiisidei* the data obtained as a i)relimiiiai‘y stej) toward 
Tiirther ex])eriiiieiitatioii iinj)rov(‘d sources of i*adiatioii and ai)plyiu«* 

perfected teclini(pies in tlie study of behavioral res])Ouses of tlie marine 
fishes toward ultraviolet radiation. 

(3) On r(‘S])onses of the northeiai anchovy to infrared radiation with infer¬ 
ence to ex])ei*iments of other beliaviorists. 

There was no evidence that they were attracted, repelled, or fri^'htened 
])y the radiation, wliicli su»‘i>ests that they did not perceive tlie infraind 
wave length. This conforms with work of Duncan (1956) who found that 
fingerling silvei' salmon, Oncorhynchus kisutcJu failed to inspond in any 
manner to infrared radiation. Bredei' (1959) has found no indicative evi¬ 
dence that fishes would resjiond differently to radiant heat (infi*ared radia¬ 
tion) and ambient temjierature. 

(4) On responses of the noi'tlunai anchovy to different values of intensity 
of white light. 

The exjieriments using white light of varying intensities in two separate 
arrangements (in one these intensities ranged from 2 to 100 foot-candles, 
in the other fi-om 75 to 500 foot-candles) revealed a natural ability of the 
anchovy to respond jiositively to intensities of moderate values regardless 
of the order of light arrangement, and to react negatively to both the 
highest and the lowest intimsities in the arrangement. On the other hand, 
in a series of experiments utilizing sharply contrasting light intensities ])re- 
sented in pairs, the anchovies always responded ])Ositively to the lower 
values and disi)layed a niai'ked avoidance reaction toward the brighter 
illumination. The results obtained in the ])resent ])reliminary study suggest 
other tests, to })e made in near future, might disclose the degree of sensi¬ 
tivity of the fisli eye to the changes in the intensity of illumination, as well 
as the s])eeific adai)tation of the eye to certain intensity values as earlier 
demonstrated by Privolnev (1958) on samples of young carp, ('yprinus 
rarpio, and young tench, Tinea tinea. He had found both were able to dif- 
fei*entiate intensities of white light when these intensities were 75 ])er cent 
to 85 per cent greater than those to which the experimental fish were orig¬ 
inally adai)ted. 

As with othei* s])ecies found suitable foi* training, the northeri] anchovy 
and Pacific sai’dine should not ])i'esent any difficulty in ti'aining studies. 
Tsually, the newly delivered wild anchovies and sardines began to take food 
after 5 to 7 days of acclimation to the artificial environment of the Stein- 
hart A(iuarium. Following this, the fish wen-e trained to break u]) the school, 
to ascend to the sni*face, and to swim close to the })()sition ()ccu})ied by the 
feeding person. The training consisted of propelling a tables]) 0 ()n in the 


VoL. XXXI] LOCK ASH KIX d- Gh^AXT: THE NOinT{Eh*N AXCHOVY 


681 


water for lO-lo seeonds })ri()i‘ to (lro])i)i]io’ liv(‘ food (brine shrimp) into 
water. Botli the sai-dines and anchovies became conditioned to tlie sound of 
]n‘opellini>‘ the s])oon, develo])in^- a feeding- i‘eaction witliin three to five 
trials (once a day), and they retaiiKMl this resjioiise permanently. This con¬ 
ditioned res])onse was of i>Teat helj) to the investiji^ators at times when they 
had to ])i('k u]i a few live s])ecimens from the 1,000-^allon tank. 

V. sr.M:\rAKv 

1. The ])resent inve.sti^ation was condiu-ted in order to study experimen¬ 
tally tlie effeets of various typ(\s of illumination on the northern anchovy, 
Engraulis mordax (Jirard, from the ])oint of view of its ability to discrim¬ 
inate between different wave lengths of the lii>ht s])ectrum and different 
intensity values of the white lig-ht. 

2. The discriminating' aliility of the anchovy in regard to different tyjies 
of visible and non-visibh‘ li»ht radiation was ex])lored in tlie sjiecially con¬ 
structed dark room and an exjierimental wooden tank which was divisible 
into a number of li^'ht zones [in accordance with the nature of the ex])eri- 
inent to be carried out]. 

d. In the two-zone ex])eriments the followin<>' ])aired liii'hts were tested: 
jireen-blue, ^reen-red, ‘»reen-white, «‘i‘een-darkness, blue-red, lilue-white, 
])lu(‘-darkness, red-white, red-daI'kness, and wliite-darkness. Tltraviolet was 
tested in ])airs with ^reen, blue, red, white, and darkness; infrared with 
darkness oi' with white lig'ht. 

- 1 . In the thi'ee-zone ex])eriments the following combinations of lights were 
tested: green-red-white, green-white-darkness, i*ed-white-darkness, bhu'-red- 
darkne.ss, and lilue-green-white (‘‘daylight”). 

o. In the four-zone ex])eriments the green-])lne-red-darkness combination 
was tried. 

(). In the two-zone exjieriments with monochromatic and white lights, the 
intensity was maintained uniformly at the 9 foot-eandle level; in experi¬ 
ments with monochromatic lights and ultraviolet rays the intensity was 
adjusted to the maximum intensity of the “black lam]i” which was e(iuiva- 
lent to 0.‘2 foot-candle. In other ex])eriments using ultraviolet or infrared 
wave lengths and white light oi' darkness, the intensities varied from almost 
zero to bOOH- foot-eandles. 

7. In th(‘ three- and four-zone ex]*erimcnts, the inteiisities of monochro¬ 
matic and white lights tested were either uniform or of different values. 
S. In all combinations of monochromatic and white lights, the effect of red 
light on the anchovy i‘emained invariably negative in contra.st to the sharjdy 
positive reaction of these fish towai'd other lights tested. 

9. In two-zone elioice ex]>eriments the positive reaction of the anchovy for 
green light was found to be 97.86 ])(‘r eent over the red (2.14 })er cent); 
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7r).:U ])ei' (-eiit over wiiite (‘24.()(i i)ei* eeiit); To.18 ])ei’ (*ent over l)lne (2().82 
pel* eeiit). The ]>r(‘fereiiee i'oi* other lij^’hts, tested in paii's, whs as Tollows: 
81. GO per c'ent Tor blue lij>ht over i-ed ( 18.40 ])er eent), and 52.15 pei* eent 
over white (47.85 ])er eent); and 88.0!) ])er eent for white li^lit over red 
( 1 l.()l pel* eent). 

10. In the three- and four-zone exi)erinients, the anehovies eonsistently dem¬ 
onstrated i)ositive responses toward the «reen lij^ht as they did in the two- 
zone experiments. Even a eonsideral)Ie inerease in the intensities of tlie 
oj)])osin<»' lights eonld not alter the jiositive reaetion to ^‘reen li^ht. 

11. In Ihe two-zone ex])eriments usin«' ultraviolet li^ht iiairecl alternately 
with «*reen, bine, or red li^^lit, the anehovies disjilayed three eoiiflietin^* 
responses. These resjionses wej*e “indifferenee" in ultraviolet v(M*sns bine 
li^lit (50.15 i)er eent-40.85 ])er eent), “slightly negativi'” (45.21 i)er eent) 
when ultraviolet was eontrastc'd with g'reen light (54.70 per eent), and 
'‘liiglily ])Ositive" (71.07 ])er eent) when it was jiaired witli risl (28,02) ])er 
eent). 

12. In tlie other two-zone experiments, when ultraviolet and white lights 
of mneli higher intensities were tested, the r(‘snlts were ('onfnsing as des- 
('I'ibed aliove. With resi)eet to the ultraviolet light, the i*es])onses of the 
anehovies varied fi'om i^egative oi* avoidanee (o6;G4), through indifPei*enee 
(50:50), to i)ositive (72:28). 

12). Ill exjiei'iments utilizing infrared i*adiation, the anehovies seemed 
totally unable to pei*eeive it. 

14. In exi)ej*iments intended to test the al)ility of anehovies to diffei*entiate 
among different white light intensity values they seemed able to do so as 
evideneed in the tests with four and five intensity zones, and even more 
markedly in the two-zone expei'iments. 

15. In the five-zone test arrangement in whieh intensiti(‘s of light ranged 
fi*om 2 to 100 foot-eandles, the fish responded iireferentially to the modei*ate 
intensities of the central zones (20.23 per cent foi* the 20 foot-candle zone, 
and 41.04 ])er cent for the 50 foot-candle zone, or 71.17 ])er cent for both). 
11). In the four-zone test ari*ang(Mnent of white light used in intensities of 
75, 125, 250 and 500 foot-candles, the ancliovies reacted toward the mod- 
ei*ate intensities of 125 foot-candles (30.21 ])ei* cent) and 250 foot-candles 
(37. 1 G ])er cent). 

17. In the two-zone test experiments involving sharply contra.sting inten¬ 
sities of 500 foot-candles, as a constant value, paired with much lower values 
ranging from 2 to 20 foot-candles, the rea(dion of tlie anchovies was always 
in favoi* (GO.42 pei* cent to 83.71 jiei* cent, avei'aging G8.52 ])er cent) of the 
lower intensity values. 

18. The exjieriments herein described and discussed reveal a few imjiortant 
fa('tors in the reactions of the anchovy to light and darkness: (1) the an- 
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t'liovy is a })lK)t()ta('tic animal; (‘J) it is ('ai)able of (]isc*riminatiiig‘qualita¬ 
tively between inonoehromatie (^i-een, lilne, red) and white lights; (3) it 
is abb' to distin^’uish ‘iveen li.uht from blue (the Pacific sardine failed to do 
so); (4) it shows a ])i‘efei*enee for c’reen and blue litilits over white; (5) it 
])roved to react strongly nejuatively to red li<>'ht. However, the fish tolerated 
this type of illumination when it was tested as an alternative to total dark¬ 
ness, and showed a highly jK)sitive response in such a case to the red lijLiht; 
(b) in its reaction toward the ultraviolet wave lenj^ths it dis])layed a 1 ‘ather 
individualistic pattern of behavior; (7) it is unable to pei'ceive infrared 
radiation: (8) it is capable of reacting' differently to different intensities of 
white li.uht ran.uinc' from 2 foot-candles to oOO foot-candles. 
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